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1*1 Introduction 

The organisation, of the ma chin© is rof looted in its order 
\ 7 hich is essentially of the form:- 


U 


N 


where ]? defines the function and 2 i the operand 0 There aro four clj 
of orders : - 

computational orders 
B-ordors 

Structure accessing and storo-to-stqro orders 
Organisational orders 

In the computational orders which are distinguished by "a 
1 in digit 0* the instruction is divided thus:- 

111 cr | f ! 57 1 


A 


The cr bits define one of four types of arithmetic:^ 


L_J 
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signed fixod -point 
unsigned fixed -point 
decimal 

floating-point 

‘In MU 5 the signed fixed-point operations use a 32-bit regie 
lljj v/hilo the unsigned fixed-point, floating-point and decimal oper* 
share a common 64-bit register A* However* the structure of the 
instruction code allows for four separate registers 0 The f bits 
define the operation to be performed and N defines the operand 0 
Computational orders are of the single address type <e o g 05 > 

A - operand, A + operand) 0 
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do da 


issos 


a tor 
it ion 



J. oi. 


The B -orders operate on the modifier register B* They have 
the format t - 


1 001 if? H 1 

4 9 

% 

The functions provided correspond to those which operate on X but 
the division orders ar© not implemented in 

In the structure addressing and store -to -store orders 9 it 

/ 

is convenient to think of the instruction as being divided in the 
same way:- 


\ 0 I 1 i d j f ! If 1 

4 9 

However , the two values of d give a total of 32 possible functions j 
soma of those are used for' manipulating registers in the secondary 
operand unit, "which is closely associated with all s tore-to-s tore 
operations * 

In the organisational orders, the instruction is divided 
thus : t 


' i 000 ! fj I I 

3 6 7 

The cr bits are aero, and the 6 f ? bits define both the organisational 
register and the operation to be performed 0 The organisational orders 
are mainly concerned with control transfers and the manipulation of 
organisational registers 0 

An operand is specified by H (or and is independent of the 

function 0 ■ An operand may bo a litoral, a 9 named operand 9 (more simply, 
a * name 9 ), or a secondary operand} the various internal registers (X, 

B etc 0 ) may also be addressed as operands 0 
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i c 2 Summary of the Order Code 

This section summarises the overall pattern of the order 
code o The detail is given in later sections as shewn below 0 Some 
functions in MU5 differ from general form overleaf 0 which should 
be taken only as a statement of the general characteristics 0 
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Descriptor Formats 


Type o 


Typo 1 


Type a 


Typo 3 


General Vector 


T ! SIZE i iUSlBCi 

BOOTH) 

1 ORIGIN (IN BYTES) 

2 ! 3 11 U ii 1 

24 

1 32 1 


III 

j j - — Bound Check Inhibit 

— Scale/do not scale according to SIZE 
— ~ Spare 

Size - 1 , 4, 8, l6 9 32 or 64 bits <32, 64 word aligned) 


General String 


T 1 

i SIZE | 


! BOUND/ LENGTH 

i ORIGIN < IN BYTES ) 

2 1 

I .3 L 

Q 

.iJ 

i ’24 

S 32 


j ' — Spare 

— Sise ~ 8 bits only 


- Address Vector 

Format identical with Type o 


^ Miscellaneous Sub-types 


T ! 

SUBTYPE i 

BCUND/1SHGTK 1 

ORIGIN 

' 2 ! 

6 1 ; 

24 S 

d»2 


i 

! 

\ 

1 

a 

— * Use depends on 

sub-type 


— 0 

Real Address (Executive 

Mode Only) 


— l 

Read/Store Direct 



2 

Read and Mark 



- 3 

Indirect 



— 4-Si 

Procedure Calls 



“ 32-63 

Interrupt > 
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Chapter 2 Operand Accessing 


2*1 Introduction 

■ The operands for all orders are transferred from source to 
destination via a highway which is 64 bits wid© 0 For a fetch order p 
the operand part of the order defines how the highway is loaded and 
the function part defines the destination (and the operation to bo 
performed at the destination) 0 For a store order, the function part 
defines how the highway is loaded P and the operand part defines the 
destination* 


The function part of an order is described in Chapters 3 - 
this chapter describes the operand part 0 With a few exceptions, 
which will be mentioned when they arise,, any function part may bo 
combined with any operand part, so that the two parts may conveniently 
be described separately 0 

Operands may be of various sines up to a maximum of 64 bits e 
If the operand is less than 64 bits long, then it is loaded on to (or 
taken from) the least signif leant end of the highway 0 On a fetch order 
the remaining bits of the highway are set to sere (except for litoral 
operands - see Section On a store order, the remaining bits 

are truncated % for secondary operands only, the truncated bits are 


chocked for seros 0 * ; 

In addition to various sises of operand, there are various kinds 
of operand • - 


literals 


A litoral is specified directly as part of the order, 
o fi g OJ *X * l 9 would add 1 to the (signed) fixed-point 
accumulator 0 


variables A variable is the value in a store location whose address 

is specified by a base register and the displacement from 
tho base D 


i 


J 


j 
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internal 

registers 


stacked 

operands 


privileged 

operands 

secondary 

operands 


2 0 i <>2 


The value in most of the internal registers <B, KB 
etc 0 ) can be specified as an opereMd g e 0 g 03 9 X = N 3 J 
loads the value in KB into the (signed) fixed -point 
accumulator 0 


Operands can be sent to and taken from a hardware 
implemented stack working on a last-in first-out 
basis 5 © 0 g 3 , v A* STACK* multiplies the floating- 
point accumulator by tlia top operand 021 the stack, 
and removes the operand from the stack 0 

These can only be accessed in executive mode and 
are described in Chapter S 0 


L ) 


A special mechanism is provided for accessing secondary 
operands * i*© 0 , operands contained in some data structure* 
Th© operand part of the order specifies a data descriptor 
and a modifier 0 The data descriptor is a 64 bit animal 
specified as a variable or stacked operand and is combined 
with the modifier in D to produce th© sine and address 
of the secondary operand c For example, consider the orders 
*B « 3, D - FEED, A 4 * D[B] vfhoro FEED is descriptor at 
address (HB 5 The action would be to load 3 into the 


modifier register B, then send th© descriptor at address 
KB + 5 to DR, modify by th© value in B <i a e 03 3) to give, 


the 

add 


sis© and address of 
this operand to the 


the secondary operand, and finally 
floating point accumulator 0 
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l 


\ 


io 0 8.72 



2 * 2*1 
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2*2 Internal Registers Relevant to Operand Accessin g 1 

Section i 0 2 contains a complete list of tlie internal registers 
with references to their descriptions* In this section, only those 
registers relevant to operand accessing are described 0 


The Marne Segment Humber SIT 

The name segment number 3N is 10 bits ,Xong 0 The two most significant 
bits are permanently zero 2 and the remaining 14 bits define the segment 
currently/ being used for the names in a program 0 Any segment (o> 1 9 2, a « 
2 rl -4 - i) may be used for this purpose • it is conventional to use segment o 
whenever possible „ The value contained in SN may only be altered by calling 
an executive procedure 0 


L_J 


1 


1 


J 
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! 00 i nal:b sboitbht ! 


The Heme Ease Register NB 

The name base register NB is l 6 bits long* The most significant 
15 bits hold the address of any OA-hit wo rd in the noma segment SN. and 
the least significant bit is permanently zero* When NB is the base register 
for an operand access, then it is added to the displacement (the name) to 
give tho address of the operand within the segment SN* If the addition 
overflows out of the segment, there will ba an interrupt* 

NB is designed to be the base register for local names in a 
procedure j its value will usually only bo changed on entry and exit* 

Orders which alter NB are described in Section 6*2 and 6 0 3 o 


6 h -bit word address jo \ 

15 1 


Tho Stack Front Register SF 

The format of the stack front register SF is identical with that 
of N3 * SF can be used as a base register in the same way as N3 0 However 9 
tho space in front of SF (i 0 e o5 at addresses > SF) must not be accessed 
in this way } interrupt routines use the area in front of SF as working 
space, and so those locations arc liable to change at any time 0 
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2 0 2o2 


The stack is designed both to provide temporary working space 
within a procedure (o g g 0 , for evaluating arithmetic expressions), and 
also the space required for procedure calls (see Section 6 *4) G Certain 
orders P e o g 0 , STACK B, cause an operand to be stacked « SF is advanced 
by 2 (32-bit) words and the operand is stored at the 64-bit word specified 
by the new value of SF 0 These operands raay be unstacked by specifying the 
STACK as the operand part of an order , e 0 g 0 , A = STACK - the 64-bit 
word at SF is loaded on to the highway, and SF is decreased by 2 0 Note 
that all unstacked operands are assumed to be 64 bits long a 

Orders which alter SF are described in Sections 3 $ 2 ? 4*4, 

6 0 2 and 6 0 3 o 


j 64-bit word address jo j 
13 1 

The Extra Name Base Register XN3 

The extra name base register, XNB, is 32 bits long c Bits 2 - go 
hold the address of a 64 -bit word anywhere in the virtual store; bits o, 

1 and 31 are permanently aero* XNB is used as a base register in the same 
way as NB and SF, except that the operand is in the segment defined by 
the top half of XNB (instead of SN ) 0 Note that the addition of the name 
must not overflow out of this segment, or there will be an interrupt 0 
XNB is designed to be a base register for non-local names used 
in a procedure, and will often change its value in a procedure 0 In 
many programs, the top half of XNB will be sere (like SM ) 0 

Orders which alter XNB are described in Section 6 g 2«, 

1 00 1 segment j 64 -bit word address jo ! 

2 '14 13 i 

) 

The Data Descriptor Register D # ' 

The data descriptor register, D, is 64 bits long, and la used to hold 
the descriptors required for accessing data structures 0 The operand part of 
an order which accesses a data structure specifies a descriptor and a modifier 0 
The descriptor is loaded into D and then combined with the modifier to define 
tho si80 and address of the particular strueture V '©iement required <> 

Details of the descriptor types and the mechanism for accessing 
secondary operands are given in Sections 2 Q 8 and 2 ©11 - 2 *14 « 

D also plays a major part in tho operation of the s tore -to-s tore 
orders 0 D manipulation orders are described, with the s tore -to -s tore orders, 
in Chapter 5* 
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Literal Operands 


A literal operand appears directly as part of the order j if a 
literal is specified as the operand part of a store order 9 there will 
be ah interrupt * 



There 

are several alternatives:- 

- 

(a) 

6-bit signed 

! ) 

<b) 

i6-bit unsigned 


(c) 

l6-bit signed 


<d) 

32 -bit unsigned 

? 

O 

vy 

32-bit signed 

-J 

<£) 

64-bit 

- 

The litorals 

remaining bit 

to copies of 

are copied to the least significan- 
ts of the highway are set to seres : 

the sign bit for signed literals 0 


The precise format of orders containing litorals is unexpected 0 
Let Li denote i6 bits to be loaded to highway bits 0 - 15 o 

Let L2 denote i6 bits to be loaded to highway bits l 5 - 31 0 

Let L3 denote i6 bits to be loaded to highway bits 32 - 47® 

Let L4 denote i6 bits to ba loaded to highway bits 48 - 63 0 

Then the orders appear as follows :~ 


l6-bit litorals 


|er!£ jk 1 


I 14 I 


32-bit litorals 


1 cr i f |k ! 


1 14 i 1 L3 i 


6i-bit literals 


I or | f |k i 


S 1 13 - j 1 L2 


Li 


..J 


“i 


J 


IO084/2 
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2«4 Variable Operands 

There are two kinds of variable, V32 and V64, of sizes 32 
bits and 64 bits respectively. Th© operand part of the order specifies 
the kind of order and also defines its name and base. NB, XNB, SF or 
O may be used as th© base (it is convenient" to consider 0 to b© a base 
register which always contains o) c Th© name is th© distance of the 
variable from the base counting in units equal to"th© variable size. 
Some examples are shown below ~ th© diagram represents a section of 
the virtual store marked out in 32-bit words ; - 


L_ i 


m 


1 j 


n 

t_j 


NB SF 

V t 


v£u V32 V64 ‘ ‘ V32 

(NB,~i) ( NB , 2 ) (NB, 2) (NB,P>) 

or (SF,-3) 

V64 names are in th© range -2 f 15 < name < 2 ¥ 15 
V32 names are in the range 0 name < 2 f* l6 


n 

To calculate the address of the operand, the name is scaled (if L1 

necessary) and added to the base. If this addition overflows out of the ri 

base segment, there will be an interrupt. If NB, SF or G is used as the [ , 

base, then the variable is taken from the name segment (SN)* if XNB is used 

n 

as the base, then the most significant half of XNB defines the segment. 

L J: 

In short instructions, th© 6-bit displacement, n, is always unsigned, 
i.e, , 0 < n < 64. 

■ 1 


N.B. If XNB points to a - segment which is not th© name segment operands 
relative to XNB may not be used with the following functions, XNB =>, U-t 

NB ->, SF ss>, SETLINK. r -, 

L ) 

Note that the organisational commands, input/output and CTL use 
words, in the name segment. Thus when running under th© operating system 32- 
bit words s- 

i — } 


0-15 should not be used when writing in XPL 
0 - 96 Should not be used when using the Autocode machine. 


(. 


1 , 


29.11.74/1 


1 — 1 

! ; 


1 — 1 


L 



2.5 


Internal Register Operands 

Any internal register may be specified as the operand for a fetch 
orders a store order ma}' write to most internal registers* except those 
Y/ithin the primary operand unit* i 0 @ op MS* HB* CO* XNB, SN* SF P BHf 0 
A table listing all the registers or combinations of registers that can 
be accessed in this way is given in section 1 0 2; note that only complete 
lines may be accessed* for example* SF cannot be read by itself but 
only in combination with SN 0 

Internal register operands may only be used with computational 
and store to store orders* not with organisational orders * 

The Internal Register Z is a dummy o pers^id which is written 
to as a moans of suppressing overlap until the order is complete 0 



2 . 6.1 


2.6 . Stacked Operands 1 

When the operand part of the order specifies STACK, the 64-bit 
word at SF is loaded on to the highway and then SF is decreased by 2. 

Note that all operands coining from STACK are 64 bits longj this does 

not mean that only 64-bit operands may be sent to the stack - shorter 

operands will be extended by seros on the way. 

[A store order specifying STACK will store the operand at SF 
and then decrease SF by 2 . This is not a sensible order, but is 
allowed] . 
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Privileged Operands 

Privileged operands are used by executive to hold system control 
information 0 They can only be accessed in executive mod© and are of no 
interest to the ordinary programmer* 

Access can be mad© in two ways * In the first caso P a base register 
and a name are specified as for a variable operand j the sis© is always 64 
bits, and the address is calculated exactly as for a V64 variable* However 
access is mad© not to the virtual store of the program but to the local 
V-store (i*e #J7 the address is interpreted as a local V-stor© address)* 

In the second case 9 the operand part of the order is STACK ^ the action is 
exactly the same as for other stacked operands d but SF is now interpreted 
as a 64 -bit v/ord address in the local V-store 0 (The local V -store is 
described in Chapter 8) 0 



2.8 


Secondary Operands 

For a secondary operand, the operand part of the order specifies 
a 64 “hit descriptor and a modifier 0 Normally, the descriptor specifies 
the type and origin <i.e., starting address) of the data structure 
containing the secondary operand, and the modifier defines ■which 
particular operand is required. For example, if A is a descriptor 
specifying a vector of 32-bit elements, then the orders *B = 25? 

X = A[B] * would load the 25th element (counting from zero) of A 
into the fixed-point accumulator. 

Descriptors can define vectors or strings of elements of various 
sizes; miscellaneous special types are also provided. The different types 
of descriptor are defined in sections 2.11 - 2,14. 

A descriptor may be specified in the same way as a variable or 
; ,..stacked operand; it is always 64 bits long, and is loaded into the D 
register. Alternatively, the operand part of the order may specify that 
the descriptor is already in D; this avoids unnecessary loading of D 
if the same descriptor is used for consecutive secondary operands. 

The modifier used is normally B or O (i.e,, no modifier). However, 
there are special functions (see Chapter 5) which allow any operand to be 

used as a modifier and also cause a special type of modification. All 

modifiers are interpreted as signed 32-bit fixed-point integers. 

When access is made via certain types of descriptor (e.g», vectors) 
it is possible to check automatically that the modifier (if any) lies in the 
range 0 _< modifier < bound. The bound is held in bits 8-3! of the descripto 

N.B. A secondary operand may not be used in conjinction with the 

following functions, D =>, XD =>, XNB =>, NB =>, SF =>, SETLINE. 



2.9 length of the Orders 

An order may b© 1 6, 32, 48 or 80 bits long. It will be 16 bits 

long when : - 

(a) Operand is 6-bit literal or internal register 

(b) Operand is variable or secondary^ base register is HB 
and 0 < name < 63; function part is computational or, 
store to store 

<o) Operand is variable, privileged or secondary from stack. 

An order will be 48 bits long if the operand, is a 32-bit literal and will 
be 80 bits long if the operand is a 64-bit literal. In all other cases,' 
an order will be 32 bits long. 
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2 0 iO Type o - Vector Descriptors 

Type o descriptors are used for vectors of elements of size 1* h 

4 $ 8* f6* 32 or 64 bits 0 The descriptor defines the origin of the vector* i4 

the element size* and an upper bound for the modifier (i 0 e a * the number . . ( ( 

of elements in the vector) 0 The format is:- 


It 1 size 


lUSjBC! BOUND 


ORIGIN IN BYTES 


3 111 


24 


3 ^ 


T = O 
SIZE 


US 


BC 

BOUND 


Defines type 0 o 

Defines th© element sis© as 1 * 4* 8* iS* *32 or 64 bits* 

(Coded as follows 000 = 1 bit; OlO = 4 bits; 

Oil = 8 bits; 100 - l8 bits; lol = 32 bits; 
ilO — 04 bits) 0 , 

If US = 0 * then the modifier is scaled before being added to the 
origin - for 1-bit elements* the modifier is shifted do wn 3 bits* 
for 4-bit elements down 1 bit* for 8-bit elements none* for 16-bit 
elements up 1 bit* for 32-bit elements up two bits* for 64 -bit 
elements up 3 bits 0 

If US = i, then modifier is not scaled* 

If BC = 1 * then there is no bound check 0 


An upper bound for the modifier 0 If the bound check bit BCKI 
in DOD (see Chapter 5) is set to 0 and BC ~ 0 * then the 
modifier (if any) must lie in the range o < modifier < BOUND* 
otherwise there will b© an interrupt* (See Section 5 * 2) 0 
ORIGIN The origin defines the base address of the vector; it is always a 
32 -bit byte address* .For 16-bit vectors* tho least significant 
bit of the modified address is ignored * so that all elements start 
at a l6-bit word boundary 0 For 32 and 64 -bit vectors* the two 
least significant bits are ignored* so elements start on a, 32-bit 
word boundary 0 Note that vectors of 1-bit and 4-bit elements 
must start on a byte boundary* 

Action: hTien an access is made* the modifier (if any) is scaled (according 
to SIZE and US) and added to the origin to give the address of the 
required element 0 Provided there is no bound check fail* th© element 
v is accessed* On a fetch order* it is loaded on to the highway 
(operands < 64 bits long are loaded at th© least significant end 
and the remaining bits are zeroed ) 0 On a store order* the highway 
is stored at tho element; there will be an interrupt if any non- 


zero bit* is truncated 0 (Seo Section 5 o 2 >< 
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2 oil Typo 1 - String Descriptors 

Type 1 descriptors are used for strings of 8 bit elements* The 
descriptor defines the origin and length of the string* The format is:- 

i T | SIZE! 1 j S LENGTH j ORIGIN 1 ST BYTES I 

2 3 111 24 32 


T = i Defines type 1 * 

SIZE Must define the element sis© as 8 bit3 (Oil), else an interrupt 
will occur* 

LENGTH LENGTH defines the number of ©laments in the addressed string* 


ORIGIN 


Defines a base address 9 as in typo 0 0 


Action: The modifier (if any) is added to th© origin to give the address 


of the start of th© string* LENGTH defines the length of the 
string * i 0 e o , th© number of elements in the string* There is 
no bound checking* 


The final operand is a string of 8-bit elements* In store to 
store orders the whole string will be used as the operand (see Chapter 5 ^o 
In computational orders s the operand can be at most 64 bits longj if 
th© string is less than 64 bits, then it is sero filled for fetch, truncated 
with scro-chocking for store* if the string is longer than 64 bits, just 
th© first 64 bits cf the string are loaded on to or stored from the highway* 
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2.12 Type 2 - Descriptor Descriptors 

Type 2 descriptors are identical v/ith type o descriptors 
(except that T = 2 instead of o). 

1 

1 TISIZSI jUSiBCl BOUND 1 ORIGIN IN BYTES | 

2 3 1 1 1 24 32 

It is conventional to use type 2 descriptors to address vectors 

"i 

containing descriptors; type 0 is used for vectors containing data. 
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2„13 Type 3 ~ Miscellaneous Descriptors 
Typo 3°Q Real Address 

TO t IT DUMBER 

SPARE 

1 V-STORE 

J j j j REAL ADDRESS IN BYTES 

! i ! ! 

! ! i I I 

I jM T* i BOUND I 4- 12 11 i 2$ 1 

2 6 24 32 

■T, T f = 3, O Do fine type 3,0, 

BOUND Upper bound for modifier as in Type 0, 

ORIGIN Contains the real store address (the physical address , not the 
virtual store address) of a 64-bit operand 0 The three least 
significant bits are ignored 

Action: The operand is accessed in the same' way as a type 0 64-bit element. 

The modifier is always scaled, and bound cheeked if bit BCHI in DOD 
is set to o 0 Type 3,0 descriptors may only be used in Executive mode. 

Type 3„.t - Read/Storo Direct 

V 

} T i T* j BOUND 1 ORIGIN IN BYTES I 

2 6 24 32 

T,T 5 ss 3, 1 define typo 3,!, 

BOUND Upper bound for modifier as in type 0, 

ORIGIN Defines a 64-bit word address. The three least significant 
bits are ignored „ 


J Action: Access is made in exactly the same way as for a type o 64-bit 

element (assuming US = BC = 0, so that the modifier is scaled, 
j and bound-chocked if bit BCHI in DOD is set to 0, Note that the 

word lies on a 64~bit word boundary, 

0 

The accessing mechanism for this descriptor bypasses all operand 

j 

buffers, and always accesses the real store corresponding to the 

1 defined virtual address. This type of access is needed in some 

executive procedures. 


J 
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LJ 

Type 3.2 Read and Mark r -. 


j T! T 8 j BOUND I ORIGIN IN BYTSS | 

~2 6 24 32 

T, T' = 3, 2 define type 3.2 

BOUND Upper bound for modifier as in type 0 

ORIGIN Defines & 64-bit word address | the three least significant bits 
are ignored. 


Action; Access is made in exactly the same way as for type 3.1 

descriptors, bypassing the operand buffers. In addition, for 
a fetch order, the value of the 64-bit word in the store is 
finally set to sero. 


Type 3.3 indirect 


f T i T 8 I X I ORIGIN IN BYTSS i 

2 6 24 32 

T » = 3s 3 define type 3.3 

X Unused 

ORIGIN Defines a 32-bit word address| the too least significant bits 
are ignored * 

Action : The 64 -bit element at the origin address is loaded into D and 

then interpreted according to its type c The new descriptor may 
be indirect 9 in which case the whole process is repeated c If 
a modifier is specified ^ the modification takes place at the 
final (not indirect) stage c • 
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Types 3„4 - 3 <,.31 Procedure Call 


I T 1 T* 1 X ! ORIGIN IN BYTES | 

_ g _ __ ‘ 

T, T* = 3 ) 4 ~ 31 Usfine the procedure call type. (32 - 63 are illegal). 

X Not used . 

ORIGIN Contains the address of the ’procedure call vector*. The two 
least significant bits of the origin field are ignored. 

Action: When an attempt is made to access an operand, the hardware forces 
a procedure call to the address held in the first 32-bit word of 
the vector, with the return link pointing to the instruction 
attempting to make the access. The origin is not modified (even 
if a modifier is specified by the operand part of the order). 

The type bits in D are reset to a type 0 32-bit vector with 
US = BC = 0. The X and ORIGIN fields are unaltered. 

die example of the use of the procedure call descriptor is an 
implementation of an Algol formal parameter called by name. If the 
corresponding actual parameter is a simple variable, then the parameter 
descriptor can be a normal type 0 descriptor. But if the actual parameter 
is an expression, then the descriptor will be a procedure call to cod© 
which evaluates the expression. The value will be stored in some suitable 
store location and D replaced by a type o descriptor pointing to it 5 
finally, the ’D set' bit in the stored link (cf., Section 6 , 2 ) is set, 
and an EXIT obeyed. The order causing the procedure call will be re-obeyed - 
th© ’D set' bit prevents reloading of D and defines that the current value 
of D describes the required operand, (The 'D set’ bit is automatically reset- 
to o)„ 

Note that a procedure call descriptor may be modified* the modification 
will take place when the order is re-obeyed after exit from the procedure. 
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Chapter 3 The B-Arithmetic 


3ol 

There is a separate 32-bit B-arithmetic unit which operates on 
the modifier register B, Although B is used mainly for modification 
it is also used for some of the simpler integer arithmetic, for example, 
i = i + 1. 

The bits of B are numbered from o on the left hand (most 
significant end). 


do dl d2 d30 d.3l 

I I 

The operand connection to the B-arithmetic unit is from the least 
significant 32 bits of the highway (bits 32 - 63). 

The B-arithmetic unit performs signed 2’s complement arithmetic. 
Thus B may take values in the range -2 f 31 to 2 I s 31 - 1 , If, after 
any arithmetic operation, the true result is outside this range, the 
overflow bit is set 0 The overflow bit and a bit which is used to inhibit 
the interrupt resulting from overflow are digits 3 and 0 of BOD (see 1,1,2) 
Thus digit 3 BOD is set to a one if overflow occurs and the interrupt 
will be inhibited if digit 0 is also set to a one. All other digits of 
BOD are not significant. 



3 *2 Tho B-XnstrucSions 

Th© order coda provides for i6 E-functions , Only 14 of these 
axe implemented on MU 5 and th© rest are dummy instructions c Tho 
instructions aro : - 

LOAD (=) 

Load B from the laast significant 32 bits of the highway <, 
LOAD & DECREMENT <= 5 ) 

load B from the least significant 32 bits of tho highway 
then subtract 1 , If an overflow occurs digit 5 of BOD 
is set a 

STACK St LOAD <*=) 

The stack front register ( SF) is first advanced by 2 , 

The contents of B are placed on the highway as for a store 
order (see below). This is then sent to the 64-0 it word 
whose address specified by the new value of SF 0 Finally, 
the ooerand is loaded into 3 as in the load order (see . 
above ) , 

Tho content of B is placed on the least significant 32 
bits (bits 32 - 63) of the highway and zeros are placed 
on tho most significant 32 bits (0 - Th® operand 

specifies the destination of this information, 

Tho operand is added to B, leaving the result in B, If 
an overflow occurs, then digit 5 °f BOD is set, 

SUBTRACT <-) 

The operand is subtracted from B leaving the result in B, 
If an overflow occurs, then digit 5 BOD is set, 

MULTIPLY <*) 

B is multiplied by the operand to produce a 32-bit result 
in B which is the least significant 32 bits of the true 
64 bit signed answer. If the true product has more than 
32 significant bits, then B contains the least significant 
32 bits of the true answer and digit 5 BOD is sot, 
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STORE (=>) 


ADD <+) 
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DIVIDE (/) 

A dummy instruction* 

NON -EQUIVALENCE <£) 

B and the operand are non-equivalencod to produce a 
result in B 9 

OR (V) - — 

B and the operand are ored to produce a result in B 0 

AND <&) 

B and the operand are anded to produce a result in B s 

SHIFT <iO 

B will be shifted arithmetically (left) by the 
number of places specified by the signed integer in 
digits 57-63 of the operand 0 If overflow occurs digit 
5 of BOD is set c 


COMPARE ( COMP) 

The operand is subtracted from B 0 Bits T1 and ?2 of 
the test register are then set from the result of the 
subtraction (see section 6 o 4) 0 A true result is 
always generated and no overflow may occur 0 The 
overflow bit in BOD is copied to bit To of the test 
register* The contents of B are not altered 0 

REVERSE SUBTRACT (0) 

B is subtracted from the operand leaving the result in 
B 0 If an overflow occurs 9 then digit 5 of BOD is set 0 

COMPARE & INCREMENT (CINC) 

.A compare operation is performed (see above) then B is 
incremented by 1 6 If B overflov/3 as a result of being 
inc reman ted then digit 5 BOD -is set after th© compare 
operation has been completed ffl 

REVERSE DIVIDE (0) 

A dummy instruction* 
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Chapter 4 Accumulator Arithmetic 

4°1 The Accumulator and its Associated Registers 

The function code contains a set of 16 functions for each of the 
following kinds of arithmetic 




LJ 




fixed point signed 
fixed point unsigned 
floating point 
decimal 

# 

In MU 5 there are two associated registers:- 


u 


2nd 


X which is used by the signed fixed point orders 

A which is used by the unsigned fixed point* floating point 
and decimal orders 0 




Each accumulator register is conceptually 64 bits long but digits 
0 - 31 of X will not exist on LIU5 0 There are two other visible 64 -bit 
registers in the arithmetic unit* namely AO D and ASX* The bits of 
AGD aro concerned mainly with interrupts whereas ASX (the accumulator 
oxtcnsion -register) serves to hold the least significant part of double 
length results o Because the accumulator 5 A 3 is shared* th© load and 
store functions would bo the same in the fixed point unsigned* decimal 
and floating point instruction sets 0 Therefore the load and store 
functions in the fixed point unsigned set are made to operate on AQD 
end those in the decimal set on A BX 0 

It is convenient to consider the operand for each function to b© 
the 64-bit accumulator input buffer A!B 0 Thus th© operation of the 
accumulator functions will bo described by reference to the registers 

- X 

A, X, AODj ASX, AIB 
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51 Operand size (Q/I meaning 32/64 bits) 

52 Inhibit floating point overflow interrupt 

53 Inhibit floating point underflow interrupt 

54 Inhibit fixed point overflow interrupt • 

55 Inhibit decimal overflow interrupt 

56 Inhibit zero divide interrupt 

57 Floating point overflow indicator 

58 Floating point underflow indicator 

59 Fixed point overflow indicator 

60 Decimal overflow indicator 

61 Zero divide indicator 

62 Inhibit rounding 

63 Double length * 
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Formats for Arithmetic Data 


The formats marked with an asterisk are software concepts 
only and so have no significance in the hardware 0 

(a) Fined -point signed 

Data is signed binary, hold in 2 9 s complement £orm 0 For 
multiplication and division, the binary point is at the least 
significant end, i 0 o u data ia interpreted as an integer 0 


3^-bit 


do 


cl 31 

»— aw.,.— 




sign 


binary point 


>3i 


< 2- 


-O'i t 


do di 


. d6.3 


J 

A 


binary point 


range 


-2^3 < x < 2°3 


LJ 


( b ) Fire d ~n o in t xm a ignod 

Data is unsigned binary 0 For multiplication and division, 
the binary point is at the least significant end ? i 0 e 0 3 the data 
is interpreted as an integer 0 


u 





A 


binary point 


range 0 



J 


J 



1 

J 


do di 


d 6 3 

; 1 s 

A 

t 

binary point 


range 0 < 



4°3 


(c) Decimal 

Data is stored in sign -modulus form* Tae modulus consists of 
7 or 15 decimal digits occupying 4 bits each, and the sign occupies 
4 bits at the least significant end 0 Each decimal digit is coded in 
binary (0 ~ GOQQ $ 1 = 000l 3 0 0 0 ^ 9 ~ 10Ql)j the sign code is 1101 
means -ve 9 all other combinations mean *fve (1111 is preferred) . For 
multiplication and division,, the decimal point is at the least 
significant end p i O o 0i > data is interpreted as an integer 0 . 


do-3 d4^y d24-27 da8-31 * 

j DO 1 D 1 j » 0 o I P6 j S 1 

A A 

! i 

I — sign 
decimal point 


gig© 


* 10 - 


; < a 


X < 10' 


7 


1 1 

L J 
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rn 
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! 1 


64-ftit 


d o -3 <54-7 <360-63 

I do i pi j ! D14 1 s ! 

1 si ii 

| ^ — sign 

decimal point 




rang© 


-10' 


15 


13 

< x < 10 D 


r" 
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\d ; Floating-point 

Data is stored as 2 ? s complement mantissa m with an il-bit 
exponent o stored at the most significant ond G The most significant 
bit of m gives the sign of m and tho interpretation of m assumes a 
binary point after the sign digit 0 The exponent has the has© l6 5 
and is interpreted as an unsigned 11-bit- integer .minus 1024 ^ i 0 e 0 3 




coooooooooo -> -1024 

OOOOOOGOQGl .-> -1023 


LJ 


L 0000000000 ~> 
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i 02- 




:-de has boon chosen so that floating-point sero has all bits ~ G 0 




do dl 


dio dll dia 


cm 


exponent 


mantissa 


j 


do dl 


dio dll dl2 


cl 63 


6.i- 


exponent 




mantissa 


sign 01 mantissa 


i 

1 

j 

! 
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4„4 The Signed Fixed Point Accumulator Orders 

The arithmetic functions in this sot assume X and the operand 
to be signed integers . 


LOAD (=) 


Copy digits 32 - 63 from AXB to X, 


LOAD D 0 U 3 LE (=’ ) Dummy instruction. 

STACK AND LOAD < *=) Stack X in digits 32 - 63 of the nest free 64 “bit 
■word on the stack making digits 0 “ 31 in this word 
aero. Then operate as for LOAD. 

STORE (=>) Copy X to digits 32 “ 63 of the Highway and soros to 

digits o “ 31 of the Highway • 


ADD C-f) 


Digits 32 - 63 of AID are added to X and the result is 
returned • to X 0 If the addition overflows, digit 39 of 
ADD is set. In this case the result in X will be the 
least significant 32 bits of a 3S-bit answer. 


SUBTRACT (-) 


Digits 32 - 63 of AIB are subtracted from X and the 
result is returned to X. If the result overflows, 
digit 59 AOD is set. 


MULT (*) 


X is multiplied by digits 32 “ 63 of AIB to form a 
signed single length result in X. If the result 
overflows, digit 39 of ADD is set, and the result is 
the least significant 32 bits of the 64-bit answer. 


DIVIDE (/) X is divided by digits 32 - 63 of AXB, to form a 

quotient in X ? which will be rounded down. If the 
divisor is aero, then digit 6l of AOD is set, and 
X v/ill be unaltered. 

NON EQUIVALENCE (/) , The logical non -equivalence of digits 32 “ 63 of 
AIB with X replaces X. 


OR (V) 


The logical ! or } of digits 32 - 63 of AIB with X replace X, 
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X v/ill ho shifted arithmetically (loft) by the 
number of places specified by the signed integer 
in digits 58 - 63 of AXB 0 Digit 59 ADD will 
be set if the result overflows 0 


AUD (Ss) 

J 


The logical ? and ? of digits 32 
X replaces X 0 


- 63 of AIB with 


WJ 


H 
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REVERSE SUBTRACT (0) 

and tho 


X is subtracted from digits 32 - 63 of AIB 
result is stored in X* If overflow occurs 


digit 59 ACD is set* 


ca PAK 3 (CQ'IP) 


The operand in digits 32 - 63 of AIB is subtracted 

from X 0 Both are treated as signed integers * Bits 

T, and T of the test register are sot from the result 
12 

of the subtraction o Hot© that a true result is 

generated and no overflow may occur 0 Bit 59 bit 6l 

of ADD is coDied to bit T in the test register* 

o B 

Tho content of X is not altered* 


CGITvTSRT ( CCjV) Tho only conversion function implemented in tho 

5 X ? sot is the conversion from integer to floating 
The standardised floating result is left in AEX a 


REVERSE DIVIDE ( 0 ) 

Except that digits 3 2 - 63 ox AIB are divided by 
X this function operates as for DIVIDE* 


lJ 


LJ 
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4„5 The Unsigned Fined Point Accumulator Orders 

The arithmetic functions in the set assume the least significant ' r ' 

33 bits of A and the operand in digits 33 - 63 of AIB to be 32 -bit 
unsigned integers . They return a 64-bit signed result to A 0 If the 
most significant 32 bits of A or AIB are initially non-zero they are 
set to zero prior to arithmetic . 

LOAD (=) Copy digits 51 “ 63 from AIB to AOD. 

Note: Floating point LOAD DOUBLE is the correct order 

I 

to us© in conjunction with unsigned arithmetic. 

LOAD DOUBLE (=’ ) Dummy instruction. 

STACK AND LOAD (*=) AOD is stacked and loaded. 

STORE (=>) Copy digits 51 “ 63 of AOD to the Highway setting the 

other digits of the Highway to zero. 

r ~ 

ADD ( + ) Digits 32 - 63 of AIB are added to digits 32 - 63 of 

A and the result is stored in digits 0 to 63 of A. r 

I 

SUBTRACT (-) Digits j 2 , - 63 of AIB are subtracted from digits 32 - 63 

of A and the result is stored in digits 0 - 63 of A 0 l 

r 

MULTIPLY <*) Digits 32 - 63 of A are multiplied by digits 32 - 63 of 
AIB to form a 64-bit product which is stored in A. 

DIVIDE (/) Dummy instruction. 

NON-EQUIV (£) Digits 32 - 63 of A are non-equivalenced with digits 
32 - 63 of AIB and the result is stored in digits 
32 - 63 of A. Digits 0 - 31 of A are set to zero. 1 . 

r~i 

OR (V) Digits 32 - 63 of A are ored with digits 32 - 63 of { 

AIB and the result is stored in digits 32 - 63 of A. 

1 — 1 

Digits 0 - 31 of A are set to zero. 

t . 

r n 
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SHIFT <&> A is shifted logically (left) by the number of pls.ce: 

specified by the signed integer in digits 57 “ ^3 °£ 
This order operates on all 64 bits of A 0 


L_J 


AI\D (&) 


Digits 32 - 63 of A are anded with digits 32 - 63 of 
AID and the result is stored in digits 32 - 63 of A 0 
Digits 0-31 of A are set to soro 0 


— 1 

L _j 

U 

lJ 


REVERSE SUBTRACT (e) Digits 32 - 63 of A are subtracted from digits 
32 - 63 of AIB and the result is stored in digits 
0 - 63 of A 0 

CCHPARE (CCH?) As for CGIIP in the signed fixed point set P except 
that comparison applies to digits 32 - 63 of A and 
is on an unsigned basis 0 T q of the test register 
is sat to aoro 0 


lull V O jh DIVIDE (0) Dummy instruction < 


__J 
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The Decimal Mod© Accumulator Orders 


4 o 6 

LOAD <=) 

LOAD double: (=’ 

STACK AND LOAD 

STORE {=>) 

ADD (+) 

SUBTRACT <-) 
MULTIPLY (*) 
DIVIDE (/) 

KON-EQGIVALENCE 
OR (OR) 

SHIFT (A) 

AND (&) 

COMPARE AOD 


4 . 6.1 


Dummy ins true tion . 

) Load AEX from AIB 0 

(*=) Stack ancl load ASX. 

Storo ASX. 

R 

1 

\ Dummy instructions « 

<£) I 

■eseJ 

Digits 59 63 of AIB are interpreted as a signed binary 

integer which specifies the number of decimal places by 
which A is to be shifted (left)* The shift is logical 
over digits 0 to 59 © Digits 60 - 63 are unaltered* If 
a left shift overflows digit 60 of AOD is set* 


Dummy instruction » 

Digits 51 - 63 of AIB are anded with digits 5 ± “ 63 of 
AOD* The overflow digit of the test register will be 
sat to 0/1 depending upon the result being ncn-sero/s©ro 0 


12.6.74/1 
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COMPARE (CCL'vlP) A is interpreted as a decimal number according to the 
formats on page 4,3,2, Bit T of the test register 
is set as the sign (bits 60 - 63) of A. The logical 
& of A and AIB is formed, and bit lb of the test 
register is set according as the result is = or ^ 
to aero. Bit of the test register is set to bit 
60 of ADD (decimal overflow), 

UNPACK This instruction sets AEX (32 - 59) = AIB (32-39) 1 

and AEX (60 - 63) = AIB (60 - 63) V A (0 - 3), 

ASX (0-31) are unaltered. It also shifts digits 
0’ - 59 of A four places left. Digits 56 - 59 °£ A 
are set zero and digits 60 r* 63 unaltered. 


REVERSE DIVIDE ( 0 ) Dummy instruction, 
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4 °7 The ACC Floating-P o int Accumulator Orders 

For some of the floating-point aritlmotic'' instructions, A and 
ASX are regarded as a double-length result register* A holding the 
most significant half, and ABX the least significant half* Both wilL... 
have the format of page 4*3 *3* 

In all instructions A 1 B v/ill form the 64-bit operand if digit 
51 of AOD is one 0 If ADD is sore digits 32 - 63 of AIB will form the 
most significant part of the 64 -bit operand ’ of which the other half 
is sero 0 

The operation of the floating point instructions are dependent 
upon the setting of digits 62 and 63 of A 0 D o Digit 62 is the inhibit 
rounding digit „ Rounding is performed by forcing i into digit 63 of 
A if the mantissa of AFX is non zero u Digit 63 is sot to select the 
special double length versions of add and subtract and reverse subtract 
and is ignored by all other operations * 

LOAD SINGLE (=) 

First* digit $1 of ADD is set to zero* then digits 
32 - 63 of AIB are copied to digits 0 - 3 ^* A* 

Digits 32 - 63 of A are cleared* 

LOAD DOUBLE (=*> 

First* digit of AQD is set to a one* then AIB 
is copied to A* 

STACK AND LOAD (*=) 

A (or digits 0 - 31 of A) is stacked then A 
is loaded as in » / = ? if digit 51 AOD is 0 / 1 * 

Digit of AOD is unaltered* 

A (or digits 0 - 3! of A* as for X) is stored 
depending on whether digit 3^ of AOD is i (or o) d 
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STORE {=>) 
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ADD ( + ) 


The c porand from AIB is added to A« First th© 
exponents ox A and A1B are compared and th© exponent 
field of A is replaced by the larger 0 Th© mantissa 
associated with the smaller exponent is then shifted 
right by the number of hexadecimal places given by 
the exponent difference 0 Also the digits 'Which are 
shifted out are placed in the mantissa field of AEX 
the rest of AEX being cleared 0 The mantissa field 
of A is set to the sura of the mantissa fields of A 
and AIB (one of which may have been shifted),* The 
normalisation shifts which follow apply across th© 
mantissa fields of both A and ASX* with a maximum 
shift of 13 hexadecimal places 0 If both mantissa 
fields are zero a standard floating point aero is 
generated (4©3«3^o The. exponents of A and AEX are 
both set to the exponent of the double length result 
and rounding is performed as described above 0 
When digit 63 of A GD is set and A and ASX contain a 
double length number smaller than AIB a correct unrounded 
double length result will be formed 0 

If either of the above cause exponent overflow/underflow 
digit 57/53 of AOD will he set 0 


J 

n 
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SUBTRACT (-) The operand from the highway is subtracted from A 0 
Th© operation proceeds in the same general way as 
ADD* However j, if the number to be subtracted is 
the smaller 9 it is negated and then th© add operation 
is performed « 

MULTIPLY (*) A is multiplied by the operand to give a double length 
result in A and AEX 0 This result is standardised 9 
and AEX exponent set as above 9 Rounding will occur 
if digit 62 of AOD is not sot e On exponent overflow 
(or underflow) digit 57 (/5^) of AOD is sot 0 
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DIVIDE (/) A is divided by the operand to give a single length 

standardised (possibly rounded ) result in A e " If the 
divisor is zero digit 6l of AOD is set or if exponent 
overflow or underflow occurs digit 57 C/58) of AOD 
xs set* 


NON EQUIVALENCE (£} The result of combining A and AXB with logical £ 
is returned to A© 

DR (V) The result of combining A and AIB with th© logical V 

is returned to A« 

SHIFT (A) A is shifted circularly (left) by th© number of places 

specified by digits 58 63 of AIB 0 

AND (&) The result of combining A and AIB with a logical & is 

returned to A« 

REVERSE SUBTRACT (e) This is the same as SUBTRACT 9 except that A is 
subtracted from the operand© 

COMPARE (COM?) A is compared with the operand in AIB and the test 
register is set© Both are assumed to be floating- 
point numbers © T Q of the test register is set if any 
of bits 57 * 5 8 ? 6l are set© 

CONVERT (CGNV) The only conversion function provided in the 

floating-point set is on© which converts the integer 
part of A to a signed fixed point number leaving the 
result in AEX 0 If the result is too big digit 59 of 
AOD is set© 

REVERSE DIVIDE (0) This is the same as DIVIDE except that the operand 
is divided by A a 
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Chapter 4 


Structure Accessing and Store to Store Orders 


5 oi In troduc t ion , 

This chapter defines the registers D 9 XD and BOD (Section 
5/2) and describes the orders associated v/ith the secondary 
operand unit* The orders fall into thro© classes:- 

(a) Ragister manipulation (Section 5 ® 3 ) 

(b) Structure access (Section 5 <>4) 

(c) Store to Store (Section 5 o^ 

The register manipulation orders are concerned with loadin 
and storing the registers D and XB 0 The structure access orders 
are concerned with modifying descriptors and accessing elements 
of data structures 0 The store to store orders enable operations 
to be carried out on strings of bytes .of any length. e 0 g O0 moving 
one string to another ^ or comparing two strings 0 The registers 
D and XD are used to hold the descriptors of the strings* 

The STACK order is described in Section 5 o? chiefly 
because it isn ? t described anywhere else 0 

This chapter assumes that the reader is familiar with the 
different types of descriptor defined in sections 2*11 - 2 0 14* 



J 

J 

i 

J 


J 
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5 o 2 I nternal Registers in the Secondary Operand Unit (SEOP) 

The two main registers in the SEOP are D and XD a They 
are both 64 bits long and are used to hold descriptors 9 so they 
have typo ^ bound and origin fields as shown bo low : - 


n 

.. j 


u 


H 



dO 


463 

L J 

D 

1 TYPE | 

BOUND (DB) 1 

ORIGIN (DO) 1 

n. 


8 


32 

XD 

! TYPE i 

BOUND (XDB) 1 

ORIGIN (XDO) i 

n 


. b 
* 0 

24 

32 

\ j 





rn 

. The 

following notation is used 

for various parts of D, XB:- 

i - 


* 



, — ! 

DG 

the origin 

Yield of D 

(d32-63) 

L .t 

XDO 

the origin 

field of XD 

<<332-63) 

rw 

DB 

the bound 

field of D 

(<18-31) 


XDB 

the bound 

field of XD 

(08-31) 


DT 

the top ha 

If of D 

(do-31) 

r -1 

XDT 

the top half of XD 

(do-31) 



The only other register in SEOP which can be used by the programmer ' 
is DODj DO D p D ? %D ? DT and XDT may ail be read from or written to 

&3 internal register operands 0 DO D is a 32-bit register which 1 j 
contains the interrupt and interrupt inhibit bits for SEOP as ** 
follows • , , 


C131 

XCH 

XCHK digit 



dgo 

ITS 

Illegal Type/Sise 


<129 

ELIS 

Executive Mode 

Subtype used in non-executive mod© 


d28 

SSS 

Short Source String in store to store order 

j 

d2 7 

NST 

Non-Zero Truncation when storing secondary operand 


<126 

BCH 

Bound Check Fail during secondary operand access 

L J 

<123 

SSSI 

SSS Interrupt 

Inhibit 


d24 

NZTI 

HZT Interrupt 

Inhibit 

L j 

d23 

BCHI 

BCH Interrupt 

Inhibit 

m 

ITS 

and EMS will always cause 

an interrupt* S SS 9 NZT or BCII 

L j 


will cause an interrupt unless SSSX ? NZTI or BCHI respectively are set 0 

L 
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5°3 D and XD Manipulation Orders and STACK 


STACK 


CO - 

D = 

D *= 

D => 
DB = 


Stack the operand (advance SP by 2 , then store operand 
at new SF), 

Load tho origin of D from, bits 32-63 of the operand , 

Bits 0-3! of D are unaltered, 

load D from bits 0-63 of the operand, 

.Stack D (advance SF by 2 , then store D at new SF), 

Then load D from bits 0-63 of the operand , 

Store D in bits 0-63 of the operand. 

Load the bound of D (bits 8-3! ) from bits 40-63 
of the operand. The rest of D is unaltered. 


XBO = 

I 

XD = | 

XD => | 
XD 3 = j 


As for DO =, D D => f DB = but operate 
on XD instead of D 0 


Note : Some of these orders may be used with secondary operands. 

For S[B] and S[o] operands, the effect is as follows 


(a) CO a, Da, DB= 

D will first be loaded with the S operand descriptor^ then 
tho secondary operand will be accessed and will replace 
the whole or part of the new value of D, 

(b) D *= 

The original contents of D will be stacked before the 
•S descriptor is loaded into D 0 
<e> XDO =, XD «, XDB = 

Work as expected , 

Tho orders D --> and XD — > may not be combined with any secondary 
operand (S[B], StO], D[B] or DlOj), 



5 « 4 ® ^ 


5*4 Str u cture Access Orders 

[Mono of those orders may be used with secondary operands], 

MOD Uses bits 32-63 ox the operand as a signed integer modifier 
for the descriptor in D 0 The modifier is added to the 
origin field (after scaling if US ~ 0 in type 0 or 2 
descriptors ) 9 and subtracted from the bound field 0 A 
bound check interrupt will occur unless 0 modifier < 
bound (assuming bound checking is not inhibited),, The 
bound cheek applies to descriptors of types 1 9 2 ? 

3 * 0 * 3*1 and 3 * 2 , For type 3*3,, the indirectly addressed 
descriptor is loaded into D before tho modification takes 
place * Similarly for types 3 0 4 - 3 <,3! the procedure is 
called first* 

juiGD Exactly the same as MOD except that it works on XD instead 
of D c (Types 3 0 3 ? 3*4 - 3 ^ 3-1 are illogal) 0 

SMGD As for MOD, but DB is unaltered and there is no bound cheeky 

ivlDTl Equivalent to MOD followed by D = D[o] 0 

HMGD Bits 0-31 of the operand are loaded into bits 0-3 3 - ° 3 ~ 

Bits 32-63 of the operand arc added to bits 32,-63 of D 0 

hero: If 0 < operand bits 32-63 < XD 3 then bit 31 of BOD is set 

to t 7 otherwise it is set to 0. 
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SUB 1 A complicated order v/hich works as follows i ~ 


XD = operand (bits 0-63) 

X - 0 (clear all bits of D) 

B - XD[o] (B - operand addressed by XD) 

B * XD[1’J 
DB = XD[ 3 ] 

MOD B 


XD must be a vector descriptor (type 0 or £) addressing 

Omits the first two steps of SUBi:-" 

B - XD[o] 

B * XD[ 1 j 
DB = XD[ 2 ] 

MOD B 

XHQD 3 ' C # 


orders 


MOD (and XUGD) can be used for constructing substrings of 


•» vr -r x -3 ^ ^ cy 


* D ~ MOD Ij DB = If creates a descriptor 


p* 


of length L starting at the Ith byte of the string S Q 
cu.so 03 used to step through a vector P since ? D = V; MGD i & 
creates a descriptor* to a vector consisting of all but the first 
element ox V., 

i.DK can be used for moving through a list structure or for 
as c c s 1 ng ar r ays via I X i f f © ve c t or s 0 

ROOD is used for ? rovers© mod if ication\ This is useful 
when used in combination with the Mope vector 2 orders SUB 1 and 
SuBA as described below* It can also be used to make data 
structures relocatable 0 

XCXX is a special order v/hich is used to check for overlapping 
strings* The only dangerous case is v/hon the start of the destination 
string (for a move or logical store to store order) lies within the 
source strings So the idea is to put the source string descriptor 
in XD and then use XCHK with operand = destination origin - source 


10 
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Dope Vector Greers 

The SUB1 and SUB2 orders are used for accessing* arrays* via 
dope vectors* For a general array:- ' 

X[ll : ui* 12 : u2 9 In : mi] 

v;o want to access X[il ? 12 5 0 * 0 in]* The address can be expressed 
in the forms- 

XO 4* (11 - 11 )*ral *f (12 - X2)*m2 0 0 +(in - In)*mn 

where ml $ m2 3 * * sa are suitable multipliers j and in addition wa 
must have 11 < 11 <: ul, 12 j£ 12 < u2, 0 0 In < in j< un 0 When the 
array is declared a dope vector is created which contains a triple 
of 32 -bit elements for each 'dimension of the array j a triple consists 
of the lower bound 1 ? the multiplier m and a checking value c & For 
the array X above 9 th© dope vector will look likes- 


1 11 i ml I cl S 12 1 m2 \ c2 ! * » 0 1 In I rm I cn i 


A descriptor X ? is created . which points to this vector 0 To access 
the element* the appropriate sequence is:- 


B s= 11 
SUB1 X* 


B sst 12 

SUB2 


1st subscript 

Load XD with dope vector descriptor and clear B 0 
Subtract 11 from B, multiply by ml„ check result 
in range o B < ci and p;dd to DO* 

(Hence DO - (il - Xl}*ml and 11 < il £ ul) 0 
2nd subscript o 

DO 4 * (12 - X2)*m2 12 < 12 < u2 


© 


B ~ in 
SUB2 

There are now two ways 
HFiOD X or 

A = D[ 0 ] 

[The checking values c 


nth subscript* 

DO -*• (in - ln)*rnn In < in <: un 
of accessing the element itself* 

B - DO 
A ~ X[B] 

are clearly (ul - 11 + l}*ml] * 


• J 

m 

L-J 

rn 


ri 
1 i 




ri 
1 j 

"D 


i.j 


L 


J 


re 
1 J 


L i 


io»8o7a 



5ooi 


i 5 3 toro to Store Orders 

Tho store to store orders fall into three classes p string- 
;ring ? byte-string and table-string* orders 9 and there is one 
3cc5al table look-up order 0 Tho string-string orders operate on 
source string and a destination string; operations are provided 


in which tho source string 


characters of a string into a different cod© specified in a 
i:able s or *;c chock a string to see if it contains any of th© 
characters specified in a table 0 The table Icok-up order scans 
the table for a particular element 0 


w ’ 

XX.: 

n move ( 

i*© 

y; 


by co— o Ir 

ing 

a:. 

. j o 

ui, o same 

as 

cons 

ists of 

tho 

r A (V 
i. i 


c as iO-s t 

run; 


For all the store to store orders except table look-up 



bits ho— of the 

I V- ' \J 

byte processed by 


operand are sen eight -bit mask MASK 0 
th© order 9 bits corresponding to l*s 


in tho mask are ignored; v/hon any byte is used 
tbs corresponding bits are taken to bo zeros* 
put into store the corresponding bits in the s 


in a xl operation 
and if a by to is 
tor© arc unaltered 


o 


HASH ~ llOOOOllj then a move order will only ehang 




x: tho bytes in tho destination string 0 


10 


9 Mr; 
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S t r i n g ~*Str ing Orders 

For all string-string orders 9 XD contains th© source string 
descriptor and D th© destination string descriptor e The descriptors 
must have type G ? 1 or 2 and element sise 8 bits,, otherwise there 
will be an ITS interrupt 0 The operand defines th© MASK (see above) 
and a FILLER* Th© FILLER is not in fact used for all th© orders 0 

d^S doj 

OPERAND ! ‘ MASK ! FILLER ) 

8 ' ”3 

SKVB Move on© byte from source to destination* If the source 
string is’ the null string, move FILLER to destination* 

If DB =s O there will be a BCH interrupt 0 Updates D0 ? DB ? 
XDOp XDB* 

[if DB ss o then BCH interrupt 

if XD8 ~ o then (FILLER D[o] ; MOD 1) 

©iso <XD[0] => D[o! } MOD 1; XMGD 1)] 

Moves source to destination* If source is shorter than 
destination there will be an SSS interrupt j but note that 
this will simpl37 terminate the operation if the inhibit 
bit SSSI is set 0 Updates DO* DB* XBO, XDB* 

[LI: if DB ^ O then (if XDB ~ O then SSS interrupt 
else (XD[o] =s> D[o] ; MOD 1$ XMOD 1); -> Li)] 

SiViVF Moves source to destination* If source runs out, then uses 
FILLER for remainder of destination* Updates DQ, DB^ XD3, 
XDB 0 

[Li: if DB ^ O then (Si XVB OPERAND; -> Li)] 


* See page 5o5o5* 


lJ 
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ru 
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n z q 
uO «0 


Compares source and destination strings looking .for inequal: 
in two corresponding bytes, If source runs out, FILL8E is 
used 0 The test register is set = 0 if no inequality is 
found, > o if source byte > destination byte, < o if source 
byte < destination bytej for comparison purposes, the bytes 
are treated as unsigned integers, DO, BB, XDO, XDB are 
updated , 

[LI: if DB = o then (T = -> L4) • 

if XDB -• o then (if FILLER ^ D[o] then -> L 3 else 
(MOD 1 ; -> Li)) 

else if XD[o] r D[o] then ~> L3 else (MOD 
XMQD 1 } -> Li) j 

Is?,: if FILLER < D[ol then T - else T = ’> } j ~> 14 j 
L3: if XD[o 3 < D[o] then T = s < 5 else T = ’>’ | 

1 4: ] 


Source and destination are logically combined and the rest 
stored in destination. The logics;! operation is the same 
for each bit of each byte and is defined by bits 44“47 
of the operand , 


d^4 dj.5 d4.6 d47 

I LO I LI I 12 1 L? 


i?he result of the operation is defined by the table he lev/: 



i source 

bit I 

! 0 i 

! 0 1 

! 1 i 

t 1 

J 

i c-Ies tin 

ation bit I 

i 0 i 

1 1 ! 

1 0 i 

; ± 


1 result 

bit ! 

1 LO 1 

! LI 1 

1 L 3 ! 

HE 


If the source string runs out, there will .be an SSS interrupt 
[Lit if DB ^ 0 then if XDB = o then SSS interrupt j (XD[OJ Igc 
D[0] => D[ 0 JJ MOD 1 : XKQD i: -> Ll>] 
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Byte -String Orders 

The feyto-string orders are the saw© as the string-otrin 
orders except that the source consists of copies of the BYTE 
specified in operand bits The MASK appears as usual in 

operand bits -d.8-53* ^ contains the destination string 


►scraptor 


which must have typo i or 2 and element size 8 bits B or there 
will be an ITS* interrupt; XD is not used 0 


i J 


i | 


<*148 CI63 

OPERAND S MASK ! BYTE | 


BMYB Moves one BYTE to destination 0 


1 _j 


BM73 Moves BYTE’s to destination until full 0 


L J 


BSCN 


SCMP 


Scans destination looking for a byte ~ BYTE 0 The test regie to 
is sat = 0 if an equality is found, < 0 otherwise 0 BQ arid D3 
are updated 0 

[LI: if DB = O then (T = ’<’ ; -> 12) ; 

if BYTE ^ D[0l then (T - j -> 12) else (MODI x -> Li) 


12: 


1 


Scans destination looking for byte ^ BYTE 0 The test 
register is set as for SCMP 0 


r 1 
i.j 


Combines BYTE with destination string using logical 
operation defined by operand bits 44"47 for BLOC 0 
Result is stored la: destination* 


n 

(. j 


L ! 


rp 


*lo74/ i 


ri 


LJ 



G O £U 


LJ 


L_i 


£ c* K 

kJ ^ ^ ♦%/ 


^ may 
other 


-String Orders 

For both the table-string orders * XD contains 
ip tor which must have type o ? 1 or 2 and element 


rime 


o 

O 


contain any descriptor 0 The operand contains no inf arm r 
than the MASK,, specified as usual in bits 48-55 o' 


d 


vJ 


LJ 


-TRANS Each byte of the XD string is processed in turn 0 


it is used as a modifier for the descriptor in D to ac 
a secondary operand 0 Then the least significant 8 bit 
of tho secondary operand replace the original byto* T 
may be a BCH interrupt during the D access 0 D will as 
contain a byte vector descriptor 0 


[LI: if XD 3 ;1 0 than <D[XD[ 0]] => XD[o]| XMQD 1 ; -> 




CHK 


Each byte of tho XD string is accessed as above and ue 
as a modifier for the descriptor in D 0 If tho least 
significant bit of the secondary operand is a 1 v then 
operation is terminated with BN ~ 0 c If no 1 is found 
tor the v/hcXe of tho XD stringy then BN ~ i 0 D will 
usually contain a bit vector' descriptor c 
[ LI : if XDB ~ o then BN = 1 else 

(if IoS 0 bit of D[XD[o] ] - 0 then (XNCD 1»> -> 
else 0)1 






J 

J 



Those orders are not commissioned 0 If 
attempt is made to execute any of them 
effect will be that of a DU 11 MY order 3 
that an interrupt may occur if the wro 
sise or lehgth has been specified as cl 
above 5 and TCHK will sot the Test Regi 
^unspecified manner 0 


i 

J 


u 

i 


o 1 

o ~ 




J 
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Table Look-Up 


TALU This order enables a fast scan to be made for an element 

equal to the operand 0 D contains a descriptor which defines 
the table - origin in DO, length in DR* The length is express er 
in byte units. The descriptor must have typo o or 2 and el era err 
size 3 2 bits 0 XDT contains a MASK which is used in exactly 
the same way as the mask in the other store to store orders^ 
bits corresponding to l ? s in the MASK are ignored 0 
The least significant 32 bits of the operand are compared 
with each element of the table in turn for equality (under 
control of MASK)* If no equality is found, then the 
operation terminates with the test register set > 0 ? and the 
descriptor in D updated (DR ~ o P DO points after end of 
table)* If equal it}* 1 is found, then the test register is 
set ~ o, and the descriptor in D will point to the element 
found s with the bound field updated 0 


[LI : if DB - o then T 


else 


ru 

i J 

ri 


ri 


(if operand / D[oj then (MOD 1 $ -> LI) else T 


/ j 


N.B* TALU takes operands directly from store. 


I i 
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u 

H 


lr £ c at i on al Grc aro 


oj 

LJ 

' 1 

hi 


V J 


i 


u 


o 0 ± introduction 


Th© format for the organisational orders is shown below 0 


~ 0 


N 


7 


The cr bits arc sore and the f * bits define the function to bo 
performed 0 !\* defines the operand for the order as described 

in Chapter 2r } the only kind of operand which cannot bo 
ad dross ocl is an internal register 0 

The organisational orders fall into the following groups: 



(a) 

Register 

v_ i 

(b) 

Control * 

- n 

{o) 

Conditio. 

LJ 

( cl } 

Boolean < 


( 0 / 

Special < 


orders manipulating N3 S XNB ? &F P 


1 control transfers G 

orders « operating on the 1 bit Boolean re£ 


LJ 

Li 


io .8 .72 



O * 2 0 jL 


6*2 Register Operations - > 

'~i 

N B, SF and XNB tod ere ^ j 

The registers NB* SF and XNB are defined in section 2 e 2 3 and may 
bo regarded as unsigned integers 0 In the following orders * it nhould ho 
remembered that the least significant bit of ©ach register is permanently 
sere 5 so that the least significant bit of the operand will have no effect 0 

K r 3 ~ Load HB from bits 48 - 63 of the operand 0 r ' A 

SF =s Load SF from bits 48 - 63 of the operand 0 1 j 

XNB -- .Load XNB from bits 33 - 63 of the operand « 

MB 4 - Add operand bits 48 - 63 to NB; interrupt on segment overflow* 

SF 4 As for m +, but add to SF Q 

XN 3 + Add operand bits 48 - 63 to the least significant l6 bits of 

XHB; interrupt on segment overflow (carry into top half of XMB 
is not allowed ) c 


SF ~ NB -r Add HB to operand bits 48 - 63 P and store the result in SF; 
interrupt on segment overflow* 

MB =s SF -r Add SF to operand bits 48 - 63 7 and store the result in MB; 
interrupt on segment overflow* 

For each of the orders NB+* SF** XNB** SF = HB** and HB = SF** 
the base register (or registers) involved are unsigned integers ? 
but the operand is a signed l 6 ~bit integer* The result must 
bo in the range 0 < result < 2 f l 6 * or there will be a segment 
overflow interrupt * 


MB => 


SF ~> 


XKB => 
SN ~ 


The name segment number SN is stored at bits 32 - 47 and HB at 
bits 48 - 63 of the operand* The operand may not be a secondary 
operand 0 

As for NB ~>* hut store SN and SF 0 

As for NB =>, but store (all 3^ bits of) XNB* 

Load SN from bits 33 - 47 of the operand* This order only 
alters SN if in Executive Mode* 
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7 ho Machine S t a xu s F:o g i s t o r IMS 

The machine status register contains l6 bits ox system into 
jl i U i il Lj O -- * t) Ci LI SO - Ivi -315 * Ivis8 - MS 15 are concerned with the in torrupx o 
and can only be set in executive mode; they aro described in Chapte 
KSo is the ? D set* bit T/hos e us© is explained under the procedure c 
descriptor in Section i* 2 0 l 4 ; MS4 - M 7 are the throe test bits TO, 

• T 2 and the Boolean BIT described in Sections 6 0 A. and 6 * 5 * 


U 


u 


o i 4 56 7 

! DS i | SPARE I TO I T 1 1 T 2 1 BNi EXECUTIVE i 



1 1 

2 1111 

8 

■ a 

1 




lJ 

*'T 

A 

l__ 

■ Inhibit Program 

Faults 

J 

Li 0 ~ ‘This 0 c 1 3 re s 0 1 s 

various bits of 

MS to 0 or 1 . 

p 

OX '--S p2 0^ Gi 

the operand 0 


LJ 

Let 0 < i < y 0 

Then 


H 

(a) if operand 

bit <36 -i- i> = 0, 

MS (8 J r x ) is 

J 

( b ) if ope r an d 

bit ( 30 ■!* i/ = 1 1 

MS (8 + i) is 

, — i 

bit (48 

i> 


j 

L_J* 

(c) if op 3 S' and 

bit (40 -f i) •-= 0, 

MS(i) is uncx 


( d ) i f op er and 

e\ 

v*i 

21 

J r 

O 

Si 

MS{ x } is so c 

‘ 

/ 00 

\ . * 

\ 

/ 6 


' 1 

If not in executive mode 9 MS8 - 

15 are unchar : 

1 

(c) and (d) above apply 

O 





i:n ait croc 


ana ovjj.v 


snplo: The oraer MS = COOiOlll 1100.1111 

v/ould set MS 8 -- MSG - MS 12 ~ 0 . MS 13 = MSliL 

-J * kJ i 

ana leave MS 1 Q and MSil unaltered 0 


= MS 15 


*' 1 
Lj 


JuS is also altered by the EXIT and RETURN functions ( Seethe 
V/lien any order altering MS causes the By-pass CPR’s digit to be alt 
an Acc ~> Z instruction must precede it in order that ail store a-c 
will be completed before tha CPR 9 s are turned on or off* Care must 
be exercised in turning the Name Store or Level 0 bit on or off. an 
when altering bits 12 and 13 rt 


L, j 


U 




I 

L J 


V a u v /4 
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6*3 Control Transfers and Procedure Ca lls 

Tho link is a 64-bit register with format:* 


ri 

ij 

r H 


iViD 


MB 


CO 


16 


16 


3 ^ 


MS and MB are defined in Sections 6 0 2 and 2 0 2 respectively c CO is 
the l6-bit word address of the order currently being obeyed; the most 
significant bit of CO is always zero 0 

-> Relative jump; 33 - 63 of the highway are taken to be a signed 

3 ? s complement integer and are added to CQ 0 An attempt to 
transfer control across a segment boundary will cause an 
interrupt c 

JUMP Absolute jump; CO is loaded from bits 33 - 63 of the highway * 
STACKL 1 MX CO and bits 32 - 63 of the highway ai*e added as for the 
relative jump P and tho result together with MS and MB is 
s t acke d y Symbol i c &X ly 2 - 

STACK [MS , NB, CO * operand] 

Tho addition CO 4 - operand may give overflow as for ->* 

RETURN The 'operand part of this order must specify the STACK* The orda; 
sets SF = MB said then un stacks tho link* Symbolically 
SF = MB 

[MS P NB P COj ts [SF] 

SF - 2 

Bits 8 - 15 of MS are only reset if in executive mode* 

If any operand other than STACK is specified s then the order is 
exactly the same as EXIT* (Mot© that if the operand specifies 
that the STACK is to be used as a descriptor 9 then SF is reset 
as above ) * 

SET LINK The link is stored at the address specified by the operand 0 
Symbolically 

[OPERAND] =: [MS Q MB, CO] 

The operand may not be a secondary operand 0 
EXIT Tho link is reset from tho operand* Symbolically 
[MS 5 MB, CO] ~ [OPERAND] 

Bits 8 ~ 13 of MS are only reset if in executive mod© 0 


* j 

n 

1 j 

' 
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The following example .illustrates hot/ STACK LINK and RETURN can 
bo used to call a procedure P with three parameters Al ? A2, A 3 0 Note 
that procedure calls implemented in the compilers are slightly more 
complicated (see Compiler Writers Manual ) c Before the call the stack 
will bo 



SF 


The call will look lilcoj- 

STACK LINK Li 
STACK At 
STACK A 2 
STACK A 3 
JUMP P 

Li : 

so that after tho call the stack looks like 2 ~ 

j j 1 tLINKl Ail A2i ARj ! I 

A 


SF 


The procedure itself will contain orders 2 ~ 


PROCEDURE P 
N3 = SF - 3 
SF + n 
RETURN 


to set HB for use as a base in the procedure 
for the n local names of the procedure 


The order ITS = SF - 3 sots NE -> LINK in the stack $ and SF n advances SF C 


jLIirKj All A2j A3 1 • T I 1 

A ' A 

! ! 

NB , " SF 


The RETURN will reset US 9 NB, CO from the LINK in the store and 
return SF to its original position 0 
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6*4 Conditional Control Transfers 

The test bits T 0 ? T1 , T2 a r© bits A. p 5 sm 6 of the machine 
status register MS (so© Section 6 * 2 ) 0 They are sot by the computational 
orders COMP and CINC (so© Chapters 3 and 4 ) and by some of the store to 
store orders* Tho significance of these bits is generally as follows 

set to 1 if overflow 

set to 0 if result = 0 , 1 if result p 0 

set to 0 if result > 0 P 1 if result < o 

A set of seven orders is provided which causes a relative jump if 
MS is suitably set* If the test succeeds then the jump is carried, out in 
exactly th© same way as for ->* 

IF = 0 P ~> jump if T1 = 0 

IF £ 0 , -> jump if T1 = 1 

IF 0 P ~> jump if T1 = 0 or T2 = 0 

IF < Op -> jump if T2 = 1 

IF £ Op -> jump if T1 = 0 or T2 = 1 

IF > Op -> jump if T1 = 1 and T2 = 0 

IF OVERFLOW, -> jump if TO = 1 

There is an eighth conditional jump order which may be used to 
test th© Boole an BN, described in the next section * 

IF BN, -> jump if BN = i 


TO 

T1 

T2 
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6 *5 Boolean Orders 


6.5,1 


The Boolean? BN? is bit / of the machine status register MS. 
There are two kinds of orders which set BN. The first kind combines BN 
with the result of a test? and uses the operand to define what logical 
operation to perform* the second kind combines BN directly with the 
operand. 

The first kind of order tests MS in on© of 8 ways to produce 
a result R equal to 0 or 1 a 


= 0 

R 

= 

1 

if 

Ti 

= 

0 , 



0 

otherwise 

r 0 

R 

= 

1 

lX 

Ti 


Ip 



0 

otherwise 

0 

A| 

R 


1 

if 

Tl 

= 

0 

or 

T2 = Op 

0 

otherwise 

A 

O 

R 

= 

'l 

JL 

if 

T2 

= 

Ip 



0 

otherwise 

< 0 

R 

= 

1 

if 

Tl 

= 

0 

or 

T 2 - = I, 

0 

otherwise 

0 

A 

R 


1 

if 

TI- 

= 

1 

and 

T2 = Op 

0 

otherwise 

OVFLuW 

R 

= 

1 

if 

TO 

= 

Op 



0 

otherwise 

BN 

R 

r= 

1 

if 

BN 

= 

Ip 



0 

otherwise 


Bits 59 “ 63 of the operand define the way in which this result R is 
to be combined with BN as follows:- 


0000 

BN = 0 

set BN = 0 

0001 

BN & 

and BN wi th R 

0010 

BN/& 

invert BN? then and v/ith R 

coll 

BN a 

load BN with R 

01 00 

BN &/ 

and with inverse of R 

0101 

BN = BN dummy 

order 

0110 

BN £ 

not equivalence with R 

0111 

BN V 

or with R 

1000 

BN/&/ 

invert BN? then and with in vers 

1001 

BN = 

equivalence with R 

IGIO 

BN/ 

invert BN 

loll 

BN/V (implies) 

invert BN? then or with R 

1100 

BN =/ 

load BN with inverse of R 

1101 . 

BN V/ 

or with inverse of R 

1110 

BN/V/ 

invert BN? then or with inverse 

1111 

BN = 1 

set BN ~ 1 


as 


The second kind of order us© 4 of the i ? bits to specify 
above? and takes the operand R from the least significant bit 


the function 
of the highway. 
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6 0 6 Special Orders J 

XCO -6 Stack the operand 9 and jump to sclent 8193 5 32 -bit word k ; 

locations 0-6 respectively 0 

DL= The 32 Display Lamps on the Engineers Console are set equal 

1 1 

to bits 32 63 of the operand 0 The Display Lamps may also 

bo written to as a V-Line (Chapter 8) 0 
SPM This function is for use with the System Performance Monitor 

associated with the MUg System* *‘1 


I i 

1 a 
1 J 


L ) 
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C h apter 7 The Into r ru p t Svgt ein 




r .l 


The Into r r no t S tru e t u re 


uj 


U 




u 


There are eight typos of interrupt divided into two groups of four-, 
zhe System interrupts and Process based interrupts* The system interrupts 
are concerned with activities external to the current process (e 6 g 09 peripheral 
control ) 0 The process based interrupts occur as a result of specific ‘actions 
in the current process 0 The interrupts are shown bo low, each associated with 
a three bit interrupt number. 


~ l 

( 

r 000 

System Error 


SYSTEM 

ooh 

CPR Not-Equivalonce 


INTERRUPTS 

010 

Exchange 

■ '1 

-J 


.011 

100 

peripheral Window 

Instruction Count Zero 

~1 

PROCESS BASED 

| 101 

Illegal Orders 

■ J 

INTERRUPTS 

110 

Program Faults 

"n 

f 1 


till 

Software Interrupt 

■-J 

When interrupts 

occur 

simultaneously 9 the firs - 


the one with the smallest interrupt number 0 

VI hen an interrupt occurs 9 the hardware stops what it is doing and enters 
an interrupt sequence 0 During this entry sequence the 7 Interrupt Entry Bit* is 
set, This allows the sequence to run in a special non-interruptible mode of 
operation described by the table in 7 0 2 * 

The first action of this sequence. is to retain the state of the machine 
in a compact form to allow a straightforward return to the current process 
after dealing with the interrupt 0 This is ' achieved hy storing a 04~bit link 
word * The format of this link is the same as the control register consisting 
of machine State register (l6 bits), Name Base register (16 bits) and the 32 - 
bit control address 0 

In addition to retaining a link, the interrupt sequence also transfers 

f 

control to the appropriate interrupt procedure * This control transfer is 
achieved by resetting the 64 bits (MS, NB P CO) from the second half of the 
Ith double word entry of a table 0 (I is the interrupt number) 0 The” first 
word of this entry is used to hold the link Q This table is 16 x 64 bits 
long and starts at word 16 of the first of the common segments (segment 8 K) 0 


1 — J 
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When a CPR ^ interrupt occurs 
next instruction to be obaj^edy but the 
be complete. Incomplete instructions 


the link v/Ill point to the 
previous instruction ma3' not 
are hold in the OBS buffer and 


the CPR -f interrupt routine must preserve (and restoro) this buffer 
bofore using .an 3/ instructions which could alter its content * On 
other interrupt entries all instructions up to the on© addressed '03/ 


the link will be complete 0 


Unserviced interrupts may be read in Prop V line 
Before discussing the interrupts in detail it is 
describe the Machine State Register, 


26 a 
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7 *2 The Machine State Register 

— — — — > — - — —* — - — 1 ~~- — - — • — — i 

The machine state register (MS) is i6 bits long and only the 
m 0 s o 8 bits (0 3 i ? 4 - 7 ) niay be directly altered by the user program j 
bits 4 to 7 are test registers 0 

Bits 2 & 3 & the 1 0 s 0 8 bits are known as the system mode bits 
and they may only be altered if the executive mode bit is set 0 This bit 


*rupt entry or by 

the functions 222^ 0 0 0 XCg (see secti< 

"ranged as follows t~ 

BIT 


0 

Force BR[ ] instead of S[ 3 

1 

Inhibit program fault interrupts (A^B^ 

2 

System Performance Monitor 

3 

Spare 

4 

Overflow 

5 

r 0 

6 

“ ve 

7 

Boolean 

00 

Bypass €PR c s 

9 

Bypass Nome Store 

10 

Instruction counter Inhibit 

li 

B and D’ faults to System Error in Exec 

12 

A faults to System Error in Exec Mode 

13 

Exec Mode flip-flop 

14 

Level 1 Interrupt flip-flop (LI IF) 

*5 . ' 

Level 0 Interrupt flip-flop (LOIF) ■ 

l of bits (0 - 7) 

* 


j 
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Effects of System Mode Bits 


Cause 1 CPR by- 

iName Store 

!Instr 0 i 

1 B or D ! 

ACC 0 under ! 

|Exec Mode! 

11 IF] 

i LOIFi Interrupt 


! pass 

1 bv-pass 

counter ! 

| under ] 

Exec 1 

! flip-flop i 

i 


i entry bit 


i 

1 

1 off 

[Exec ! 

control 1 

1 i 

i 


\ 

\ 


Effect I 

1 

! ! 

I control I 

! 

i i 

! 


X 

\ 


! 8 

1 Q ■ 

! 10 ! 

1 11 

12 ] 

! iq i 

14 1 

15 

1 

ro 

Bv-pass CPR 9 si */ 

! 

; : 

| 1 


! 1 

1 



by-pass Name j . 

Store • 1 

i y 
! 

i 

! S 

1 


I 1 

! ! 

! 

I 

1 

i 

! y 
i 

; j 

Cast ruction ! 

Counter off j 

1 

! 

l y 

1 

1 ! 
1' 

I 

1 i 

! ! 

J ! 

i I 

1 y 

1 y 

i 

n 

1 ) 

Allow V-access 

Allow system ( 
mode bits of j 

i 

1 

1 

! 

J 

I 

! 

! ! 
! 

! 


i y i 

I 1 

1 I 

: y 

1 I 

i ✓ 

S 

i 

1 y 

1 

s 

r\ 

MS to be 1 

altered ] 

i 

I 

1 

1 

! 

1 


1 ! 

I 1 

I 

1 

i 

i 

1 

1 j 


Inhibit LI ! ! 

! 1 ! 


i 

! .,/ ! 

i y 1 

y 

Inhibit LO ! i 

1 i ■! 


1 

i 

i y 1 

y 

Inhibit System f 

Error i ! 

1 1 1 

1 ‘ I ! 


! 

1 

i 

1 ! 

. 1 1 

i 1 

[ 1 

y 

Force relevant ! 
program fault j 1 
to be system | j 

i ! y ! 

1 i 1 

1 i I 

y 

1 y 

i 

{ 

i 

1 y 1 

i ! 
i 

1 y i 

i i 

1 1 

y 

error \ \ 

1 ! i 


! 

i 

! S 


use LG name 1 ! 

store only I ! 

i i 1 

! ! i 


I 

i 

1 

1 y i 

1 ! 


4x64 bit lines 1 

! 1 ! 


1 

! 1 

1 i 



B or D 
interrupt will 
will be forced 


interrupts will be forced as system errors if Dil is set and an ACC 
be forced as a system error if DI2 is sat* All other program faults 
as system errors if DI3,, Did.* DI5 or the Interrupt bit is set* 


r n 
l 1 


r 1 


(N.B* The Name Store is by-passed when the interrupt entry bit is sat since access 
to common segments cannot be made via the name store)* 


LQ Name Store r , 

In IT) mode (bit 15 set) the 8 32-bit lines of name store are used as fast L $ 

registers* The hardware interprets only the bottom 3 bits of a ’name type 9 operand 
address and maps it into this name store* No store accesses occur* These fast 
registers may be used as 8 x 32-bit names or 4 x 64-bit names* 

r 1 


r 
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7 *>3 The System (Level p) Interrupts 

The procedures which service these interrupts must be written do 
as to not cause any other Level 0 system interrupts^ for example p the 

Peripheral Window Interrupt procedure should not cause a CPR Not Equivalence 

Interrupt 0 This requii^es that a few CPR ? s are permanently allocated to 

cover the program and working store used by these Level 0 Interrupt procedures* 

If a CPR £ interrupt occurs while the Level Zero Interrupt flip-flop is set 5 

then a System Error interrupt is caused 0 This also occurs if an illegal 

hardware function is executed while the Level Zero Interrupt flip-flop 

is sat* In this sense the System Error Interrupt differs from the other 

System Interrupts* However 9 once it does occur it cannot recur until 

the System Error Status register (see below) is resot , or unless the 

Engineers * Interrupt f is pressed* 

The System Error Interrupt 

The System Error Interrupt is caused b 5 ^ hardware or Executive 
failures* The System Error Status register shewn below can pinpoint the 
exact cause* The software action on this interrupt is to perform error diagnosis 
and restart normal system operations if possible* 



bit 

error indication 

LJ 

co 

J - 

Engineers Interrupt (Console) - (forces CPR 

r H 


bypass) 

u 

49 

Early Warning Power Failure 


50 

SAC Parity 

) 

5 1 

Nam© Store Multiple equivalence 

LJ 

53 

DBS Multiple Equivalence 

’ ) 

53 

CPR Multiple equivalence 

LJ 

54 

Spare 


55 

IBU Multiple Equivalence 

LJ 

5$ 

B or D error & (MSli) 

i 

57 

Acc error & (MS12) 

_J 

5° 

Illegal function & (LoIF + ELI? •>,* EXEC) 


59 

Name adder overflow & (LoIF + L1IF EXEC) 


6o 

Control adder overflow & (LoIF + LI IF + EXEC) 

. J 

6i 

CPR exoc Illegal 

J 

62 

CPR £ & (LOIF) 

_J 

63 

Spare 


j 


j 
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CPR Not-Equivalence Interrupt 

This interrupt can be produced by a user program or by an executive 
Mode procedure 0 It occurs when an attempt is made to access an. address 
which does not lie within tho address field defined by the contents 
of the CPR ? s 0 If the required address lies in local store , the procedure 
will free a CPR and allocate it to the page containing the address 0 
Control is then returned to the interrupted process 0 

If the page containing the required address is not in local 
store, then the procedure will locate the page and organise its transfer 
to local store* In this case control is not returned to the interrupted 
process (which is halted awaiting the termination of the transfer) and 
a process change may occur a 

Exchange Interrupt 

This interrupt is set by the Block Transfer Unit on completion 
(or termination) of a Core to Core Transfer « 

Peripheral Window Interrupt 

This Interrupt is caused by an external device (e 0 g 0 , peripheral 
processor, drum) writing to the Peripheral Window V-line or by an interrupt 
from the consol© (© 0 g 0 , TTY, CLOCK) 0 The two are distinguished -by bits 
6i and 6o in V-line 011 A, the first indicating peripheral window 0 The 
information sent to this 32-bit V-lin© consists of the sending unit 
number and a message * The peripheral Window procedure must queue up 
this message for subsequent processing 0 

Writing to the Peripheral Window V-line sets it not busy in 
readiness for another message 0 The Peripheral Window procedure runs with 
interrupts inhibited, so a subsequent message wo n ? t be acknowledged until 
tho procedure is exited 0 

This interrupt is also entered for console interrupts (Teletype 
and Clock) 0 Prop V-line 26 contains the cause of interrupt 0 


r 1 


r~l 


rl . 


I j 


■ i 


rn 


> i 


r 1 

1 j 


ri 


■I 


i ) 

< n 

* | 

r 

i .) 

f 1 
L J 

ri 


ri 

x 3 


r '1 
* j 

ri 
L J 

r "i 
L i 


2806,74/3 



7. 4* 1 


7 . 4 Process Ba s ed In terru pts 

The Instruction Counter Zero Interrupt 

This interrupt is set when the instruction counter becomes zero. 

It may be inhibited by the 'instruction counter inhibit' bit being set 
in the Machine State Register, 

The I llegal Order Int errupt 

This interrupt is caused by program fault conditions detected by 
the hardware; these conditions set bits 48 - 53 in the program fault 
status V-line, (See next section). 

The Program Fault I nterrupt 

This interrupt is caused also by program fault conditions detected 
by the hardware which sots bits 56 - 58 in the program fault status V-line 0 

The following table relates the assignments of bits in the Program 
Fault Interrupt Status V-line to specific fault conditions :- 


V-line bit 

condition 

48 

Illegal function St (LOIF + LI IF + EM) 

49 

Name Adder overflow St (LOIF + LI IF + EM) 

50 

Control Adder overflow St (LOIF + L1IF + EM) 

51 

Illegal V store access 

52 

CPR EXEC illegal (illegal access via the CPR's 


when not in the exec mode) 

53 

Parity 

54 

System Performance Monitor 

55 

Spare 

56 

B fault St MSI 

57 

D fault St MSI 

53 

Acc fault St MSI 


When a program fault occurs, the hardware may not wait until the 
arithmetic and control units have finished their current operation(s), 
so that multiple fault conditions may not be completely recorded in the 
Program Fault Status register. 

The Software Interrupt 

This interrupt occurs in user mode only when the software interrupt 
bit is set, (See 8,3,3), 


lj 
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Chapter o The V-Store 

8*1 Introduction 7 

The V-store contains hardware registers used to control 
and/or diagnose parts of the MU 5 processor 0 The V-store does 
not include the Internal Registers 9 which are addressed by a 
different mechanism 0 The V-store is not generally accessible to 
a user program but is accessible from within MU 5 to Executive 9 
interrupt routines (7«2ol) and certain control or hardware 
diagnostic programs 0 

The figure in 1 * 2*3 shows the instruction format required to 
obtain a V -store operand 0 

The V-storo is divided into 128 blocks of 256 linos each* 
Each line is normally a 64 bit quantity but many of the lines will 
contain less than 64 bits 5 in which case the bits will appear right 
justified in a 64 bit word 0 The bits in a V-lin© are numbered as 
they would appear on a 64 “bit wide highway* The following table 
gives the allocation of block numbers to sections of V -store in the 
central part of the machine 0 

V- STORE TYPE 
SYSTEM V -STORE (S8192) 

PRO? V-STORE 
CBS V-STQH 3 
CONSOLS V-ST 0 R 3 
SAC V -STORE 
IBU V— STOICS 
PERIPHERAL VflHDBY 
PARITY V-STORE 


BLOCK H 0 0 


A 


6 


7 




'_j 


r "~) 
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S .2 System V-storo (s8lQ2) 

Those 256 V-line addresses are mapped into the first $12 x 32 
bit "words in segment Sig2 P the first of the common segments,, by the 
PROP before using them to access store. This gives the executive a 
simple moans of communicating between processes and approximates the 
Atlas working store. 

Starting at the 32nd 32-bit word of segment 8192 are 8 pairs 
of new and old links used by the interrupt entry sequence. 


V-lino 

Virtual Address (s8lQ2) 

Nam© 

size 

(Decimal) 

" Hex specifying 



64 bit 

boundaries 

32-bit boundaries 



16 

20 

System Error Old Link 

64 


22 

System Error .Entry Link 

64 

18 ' 

24 

CPR £ Old Link 

64 


• 26 

CPE £ Entry Link 

64 

20 

28 

Exchange Old Link 

64 


2 A 

Exchange Entry Link 

6a 

t 

22 

2C 

Peripheral Window Old Link 

64 


2E 

Peripheral Window Entry Link 

64 

24 

30 

Instruction Count Old Link 

64 


3 2 

Instruction Count Entry Link 

64 

26 

34 

Illegal Order Old Link 

64 


36 

Illegal Order Entry Link 

64 

28 

38 

Program Fault Old Link 

64 


3 A 

Program Fault Entry Link 

64 

30 

3 C 

Software Old Link 

64 


3 S 

Software Entry Link 

64 
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8 a 3 Primary Operand Un i t V -Store (Block l) 

The foliov/ing is a list of the registers in the V “-store of 
the primary Operand Unit ? giving sire 3 type of access end references 
to more detailed descriptions of usage and construction :~ 




{ Decimal ) 


Name 


s ire Access 


pec niymg 
f.-bit boundaries 


PECG-RA 5 I FAULT STATUS " l 6 R/iV=Ras0t 

This line records fault reasons for the Program Fault 
Interrupt (bits $6 -> 58)* the Illegal Order Interrupt 
(bits 4 8 ~> 53) and the System Performance Monitor 
(bit 54) 0 ( See 7 « 4 6 l ) 0 * 

SYSTEM ERROR STATUS 1 $ R/V/«R©set 

The line contains the flip-flop used to record system 

error conditions for the System Error Interrupt 0 (See 7*3*1), 


r:ri 


CESS NUMBER 4 E/W 

c line contains th©' number of the current process 
is used to generate tha-’P* part of the virtual address 


Writing to this line clears th© JUMP TRACE in the Instruction 
Buffer Unit by resetting the Valid bits for each line { S J/) 0 

2 H ST HU CT I CM COUNTER ID E/W 

This contains the number of instructions remaining to be 
executed before the Instruction Counter Interrupt occurs a 
(i e a oy 64K machine instructions/instruction Count Interrupt) 0 
TIva counter may be stopped by setting MSlo* 


8 


SEARCH ADDIS Sc 


12 


V/ 


io_ 12 4_ 

! uW'A V \\ Vu l REAL BLOCK ADDRESS \ _ ! 

33 48 59 63 


Bits 4.8 


»> 59 spscify tho block address of a l6 :: 32-fcit 


v/ord block in th© name segment of the process specified 
in PROCESS NUMBER (LINE 2 > 0 The line number is ignored* 
Writing to this line causes an associative search of the 
name store using the SEARCH MASK (line 9) 7/hi eh must have 
been set up previously* If a line of the specified block 
exists in name store the test register is cot non zero 0 


Q 


1 6/17 

<%io/ %n> 


O ^ 

^ 9j 8-3 


SEARCH MASK 12 W 

l6 12 4 

i it 7i 

32 *" 48 59 63 

The mask operates on the search (block) address a A * 1 J 
specifies that bit to be ignored* 


NS LINE COPY l6+l6 R 

These lines contain a bit significant indicator showing 
which name store entry received the last valid name store 
access 0 


lo 




16 


NS 


ENTRIES 

> -> 1 5 




Sr 


■ 1 


1 


o 

i_ 1 


rn 


17 


33 


16 

NS EKTRIS 3 I 

16 — > Rl i 

63 


These linos have only READ access* However 9 writing to 
these addresses results in hardware action in the PRO? 

V store without disturbing NS LINE COPY * 

Writing to the address line lo causes LINE POINTER to 
be reset* This is a hardware pointer to an entry in 
the name store* Resetting sets the pointer to the 
first entry in the name store* The pointer can only 


ba altered by reading line 2 4 which causes it to be 
incremented by 1 (modulo 28 ) * Writing to address 
line 17 causes all entries in the name store to be 
marked unuaed and unaltered* The core copies of any 
existing entries are not updated* 


O 


r* 1 

1 1 


I ) 
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ITS NEXT LINS VIRTUAL ADDR 4+15 R 

These linos cent a. in the virtual address in the ci£ 

name store entry pointed to by the LIUE POINTS ii 0 


( c / 1 a) 

K iO 



32 

00 03 

17 

13 


k ’'A v, 'i REAL LIKE ADDR ! 


The 

n 0 r 

maJ. 

, V 

j. r 0 

ual 

address fo 

rma c 

contain 

num 

ber 0 

E 

!er 

0 "0 

he s 

egment num’ 

ber j 

Ls imp 11 ' 


e so 

gno 

nt 

of 

the 

process g 

iven 

by line 

add 

ress 

in 

7 

in© 

23 

references 

a 6 l 

bit 7/0 

in 

the 

nam 

L8 

sea 

mont 

0 




ms me 
;he lino 


Reading line 24 causes the name store LJdTd POXNTUll 
to bo incremented ( cyclic modulo 28 ) 0 

Although access to these lines is limited to 2 D AD only, 
vre iting to the address line 24 causes special action 
without the contents of line 24 being disturbed,, Tiritir 
to line 24 causes tho name store to be purged throughcul 


o r" i j/i JL JU. ^ 

Writing sets the ang 5 .no or s display 


iv non 


the following bits have the meaning r 


I /// i /// j /// ! // / 1 i i///i /// 1 

■ ! 

1 ‘ — .1 .. ,1 

e ‘^;.Uaou 

? by an ©, .cor.ua- 1 *- 

* — P "7 int u caused by 
c on cole « n c o r r u p *c 

— Unserviced software interrupt 

— Unserviced program fault interrupt 

— Uns or viced illegal order interrupt 

— Unserviced instruction cor.ntor interrupt 

— Unserviced peripheral window interrupt 

— Unserviccd ar-cchange window interrupt 
*— Un serviced CPU £ interrupt 

— Unserviced system error interrupt 


5 r, 74/- 


b « J) s»£- 


27 SOPOT A 11 S INTERRUPT 1 E/V/ 

{ / 0 1B) Bit 03 of this line is set by the software trapping 

mechanise and by process-based interrupts (see y o l)„ 
It only causes an interrupt vmen in us or node. 



5.6.74/3 



I 

LJ 


— 1 






— i 


1 


— \ 



n . 

O y / Q 


S „4 The OBS V -Store (Block 2) 

The following short description of the main features ox the DBS 
system will clarify points in GBS Vaster© controls vy 

The GBS contains an operand store similar to the PROP name store 
but which is not restricted to coaling with only name segment operands 
(names). All operands which ar© not names and all operands in accumulator 
orders (names included) are buffered in the GBS operand store* (This means 
that the GBS has a name store of its own and the PROP name store only 
buffers names associated vrith ^non-accumulator * orders > * 

An entry in the operand store consists of virtual address and 
contents; this means an operand may be altered in the operand score 
without the main store version having boon updated,, The update only 
takes place when the operand is displaced by a new operand request* 

This replacement is normally cyclic depending on other activities in 
the GBS * 

A request to the GBS consists of a function and its operand* 

All accumulator orders are passed to CBS which era cues the function part 
and if necessary buffers tho operand* The Ace queue has a maximum of 
sic; entries each of which references an entry in t lie operand store* 

Operands referenced by the Ace queue arc avoid od by the operand 

replacement mechanism described above* ’ 

A c non-accumulator ? order sent to the OBS bypasses tho queuing 
mechanism and may he dealt with out of program sequence provided there 
is no possibility of a clash between its operand and these referenced 
by the Aoc queue* 

h f hen an Aee order causes a CPR processing of the Ace queue is 
halted* The loading entry is responsible for tho A and the remaining 
functions can only be processed sensibly when the f I; 


been serviced, 


Che following is a description of the GBS V-lines* 


i 


L_J 

H 



1 


lJ 


•wi ©O 


LJ 


'W 



8 . 4.3 


Address 

(Decimal) 


OBS* CLEAR 

GBS c PURGE 1 W 

Writing a 9 0 ? to bit 63 causes the GBS to be CLEARED* This means 
all f altered ? operands in the OBS operand store are written back 
to main store* They are also retained in the operand store and 
reset to ’unaltered s * 

Writing a e i ? to bit 63 causes the GBS to be PURGED* This means 


all f « 


altered’ operands are written back as in the CLEAR but in 


addition all lines in the operand store are set empty* i 0 e* s 
th© DBS operand store is left in a RESET state* 


(Unas signea) 
GBS JuASK 


This is used to mask the X field of the CBS t FIHD line (sea below)* 

A 5 1 7 in the mask causes th© corresponding bit in the Find operation 
to be ignored* 


GBS a FIND 


This address defines a cS x 64 bit block boundary c Writing to 
this V-line initiates a masked associative search of the GBS 
operand store (sea also line 2>* If association equivalence 
occurs bit 63 of this Valine is set to *1* $ otherwise it is 


iot 0 


ix association equivalence occurs *cn© ‘cost register 


is set non -sera otherwise the test register is sot equal to zero* 


10*1*74/1 



1 


L_J 


LJ 

r ] 
U 


U 


' 1 


1 


l 


' 1 
u 


1 




1 

l 1 


1 

LJ 

r 1 
U 

" 1 


L_J 


LJ 


8.4, 


03 S .DUMP 


2 Q 



14 

S 


11 


A.Vfij 


OQ 


Writing to this line causes tho functions on the Ac c queue and 
their operands to be written to the specified l 6 x 64 bit block 0 
All useful information in the operand store is retained (i 0 e 0? 
the lines are not all RESET) but the Ac c queue is returned to 
the ’empty * s tate * 

Each dumped entry consists of 2 x 64 bit words. 


20 


14 


12 


Word 0 


DOP 


0 




This contains the Acc function (?UNC) and 
(DO?). The operand virtual address 'is P ? 


some hardware information 
S* X ? L and the mod© at 


the time of access is in E (executive) „ The T bits specify tho 
type of operand : - 


Type no 
0 
1 


OPERAND 

Invalid' (Empty entry) 
.L-(. oeral 


Vector 
N ame 


If 

and 


the operand is a literal the virtual address 
the literal is held in the second word of th 


field is 
e entry 6 


irrelevant 


Word 1 !_ L ITERAL 

0 



Note that when the operand is not a literal type P word 1 is 
irrelevant. 


io o 


■73/1 


i_i 



o , A 


OBS .UlJDUi'.IP 


oo 


J.A 


11 


I P ! 




54 


The above address specifies the i 6 x 64 bit block from which the 
GBS is to be reloaded* Writing to this V-line firstly causes a 
CLEAR operation to be performed (see line 0 ) Q Then the Ace queue 
is retrieved* Operands (other than litorals) associated with the 
nev; Acc queue consist only of a virtual address part (see line 4 
OBS # D!Jiv;P) e Any such operand which does not exist in the operand 
store at this time is now inserted in an ? unfilled ? state 7 i 4 e 93 
its ^contents* are not accessed from main store at this stage 
(see line 6 - OBS .RESTART) . 

No 033 orders may be executed between the Undump and Restart/Exit 
ordei's * 


OBS* RESTART - W 

An UNDuIuP operation can leave the op or raid store with f unfilled 1 
operands* Such operands have to be -filled by causing accesses 
to main store before normal operations nay continue* Writing 
to this V-Iine causes the above action to be initiated when 
the next EXIT or RETURN order is obeyed* No order which makes 
use of the 038 must appear during this period * 

The restart sequence forces all its operand .accesses in executive 
mode* This means that if a parity occurs 'at this time a System 
Error will be generated* 

(Unass igned ) — 


5*6*74/1 



8 <>4 «5 


OBS 4, INSPECT 


28 


yv; 


A 1 A 10 2 

1 p i s i k H i 
34 ~ 61 63 


Writing to this line causes all virtual 
store to be written to the specified 33 


addresses in the operand 
x 64 bit block of store o 


Each virtual address will have the following format 0 


1A 


JL 


1 cW 


51 ! 32 



P3 X and 
C bits have 


L are as described earlier (sea line 4> 0 
the following meaning 


The 


bit 3:1 = 1 


•moans 


use 


Reading 


bit 33 ss i moans * referenced 7 from the Acc queue 0 
this V-line yields the following information 0 


‘6l 


02 


03 


— - = 1 when Acc queue is full = not empty 
i when Acc queue is partly full = not full 


i'i CYi £> 

GBS V-storo addresses should not bo used with organisational 
functions * 

In RBiMOTE node,, if PEG? is sending orders to GBS 9 any attempt 
to access OBS V store from a PPU through exchange may produce 
spurious results 0 


15 GBSoRESBT 

( ^ F) Writing to this V~lin© causes a reset of the GBS Buffer Store < 


lines will be 


*not in use 7 and "unaltered 3 No updating of 


the main store will take place 0 


608.73/2 



o 

i ) 


. 5-1 


o „5 Control Console y-Stora (Block 3) 

The consol© V-linos ar© as follows 


Address Name , Size Access 

(Decimal) 

Specifying; ’ 

64 -bit boundaries 

O CONSOLE INTERRUPT 4 R/Y/_\— - 


2 


i 1 1 1 

1 3 \\\\) T \\'' j j [ 

35^^ '' ’ - TTTT 


"63 


! ! i 


“ P c C s I o 
T.C.l. 

m t|» t v 

i 0 ”- J 6 — o — o 

S c C S I 


Each of these is * 1 9 when set c 

F*C 0 X* is the fast clock interrupt* (Currently 1/100 sec), 
T*C*I* is the teletype character interrupt* 

T 0 S.I 0 5! 0 is the teletype external incident interrupt* 

3 „C*X 0 is the slew clock interrupt 0 (Currently 1 sec)* 
External incidents are * accept % ? cancel 5 and * input 
request ? 0 (See line 7)® 

Writing to this lino cannot cause the T*E 0 I.I* bit 
to be reset 0 This can only be achieved by resetting 
line 7 c 

Writing a ? 1 ? to bit 62 resets bit 62* Writing a * 1 * to 
bit 63 resets bits 60 and 63* 


TIME UPPER 



R 




T f U i "t j ! 

HOURS MINS 63 


Hours and minutes appear in binary coded decimal 
in tens and units as shown* 


6*1*75/2 



8*5o2 


TIME LOWER 


4 4 4 

1 \\%'\Vl T 1 U 1 T ! U | 

. SECS FRACTION 63 

■ ■ OF SECS 


Seconds and fractions of seconds,, in b.c.d. as 
shov/n, This line is staticisod by reading TIME .UPPER, 


DATE LOWER 


4 A A 4 

?! uj TJ U 1 
32 ' MONTH DAY 63 

Months and days appeal' in binary coded decimal in 
tens and units as shown „ 


DATE UPPER/HCOTER 




A A 


Wl T 


YEAR 63- 


The year in b 0 c 0 d 0 

Although this line has read only access, writing to 


bit 63 at this address will operate the hooter 


TELETYPE DATA 


! ^ { DATA 1 

32 56 63 


To output a character, TELETYPE CONTROL must be in 
output mo do, then writing to this line starts the 
transfer * On reading BIT 56 is the character parity a 
TELETYPE CONTROL 8 R/W 


i J 

32" " " 5^ 63 

Each bit has individual significance and is ? 1 ? when 


set active 0 


12 06,74/2 


8 . 5.3 


Digit 


n 

! i 

56 

PR IFF ON/OF? (OFF = ? 1 * ) 

re 

57 

CANCEL INSTRUCTION 

L_J 

58 

Input/Output Teletype <* 1 ? for input) 

re 

59 

* Input Request 5 

L _J 

60 

v Accept 1 


61 

' 

n 

? Cancel Message’ 

L i 

62 

Teletype Start 

63 

Teletype online 

n 


When the TTY is online, bits 39 ? 3 o, 6 l will cause an interrupt, 

ri 

ON LINE (Peripheral) l I 

n 



! PRINT j I LIT 

' s CANCE L ! ACCEPT 1 INPUT ] 



! t LIT I 

i MESS iMESS ! REQUEST! 

re 


OFF LINE (Instruction 

Source) 




- 

re 




LJ 


1 PRINT ! LITi 

1 CANCEL | ! MUST BE j 

n 


i i i LIT 

‘ INST 1 1 LIT | 

j 

L.J 



1 

Depress ! OFF LINE ’ . 

r% 

10 

MODE SWITCHES 

l6 R 

L_ J 




r 1 

(94 a) 

The least sign 

ificant 8 bits and the most significant 4 bits 



of this line a 

pacify various ' modes of operation when sot to ? l v 



Digit 


1 ! 


48 ~> 55 

Those are used for switching the stacks 

1 1 



of the Local and Mass stores off-line,, 

n 


56 

Level 0 



57 

Inhibit Clock Interrupt 1 

r 1 


58 

Inhib i t In t err up t s 

1 J 


59 

No overlapping of instructions 0 

r — 1 


60 

Bypass Name Store 0 

L 


61 

Inhibit Clock Interrupt 0 0 





re 


62 

Allow Exchange resets 0 



63 

Reset parity 0 

i j 


28,6.74/3 n 



O ^ , 


-LX 


0;/b) 


i5 


ii-E rlix'i DS;/ EfOi.Ij.jS 

All ;l 6 bits ( 40 - 63 ) arc used to control hardvar© 

s-rros 1 recovery procedures, 


12 

ENGINEERS CGx 

6 %, c > 

Those appor r 


have the foil 


10 


R 


th© line and 


Dig: 

54 

55 


aro ss:’q„ 

React© C 1 ?Z'/CM (See 1.9) 


57 


00 

6.1 


S 3 


03 


ILO g - f - '©>' UliiO * V 

KCs „ ( i o 3 c ? not TEST ) 

STBP (i a a 9s not AUTO) 

1 r c :c enow. t CjJ P 
PRY PULSE C-M 

EhhlhrEYS for instruction scare© 0 (i 0 e 0;? not TELETYPE), 

Instruction buf Yer/IIunual instruction 


h 0 3 0 Yno scovo aoccrxp^xon ox one Console 7-3 ‘core xs 
only true os long as the IJ3MGTS ST/iteh is OFF (Digit 
“ 9 / 7 . line ii/ ^ ax R-lEn is ‘ d 3 ? linos 10 5 11 and 13 
have their access pernios ten increased from HEAD only 
to DEAD/'.THITE with the ex:c;n;;t:l on of bits 54 63 of 

lino 13 which remain READ only,, 


■KJ .4 ^ ^"7 <''? 

Xt!|- o C O/ «■«* 



S o 6 . i 


8,6 SAC V-Stora (Block 4) 


TI10 following is a list of registers in the V-stora of the 
SAC unit. The 1 xsi: gives tho address si *33 ? access ajicl references 
to more detailed descriptions and constructions 


H 

L_ ] 

n 

L / 


Address 

Name 

Sis© 

Access 

n 

(Decimal) 




u 

Specifying 
64-bit boundar 

ies 



1 — \ 

LJ 

0 

CPU SEARCH 

30 

W 

ri 





LJ 


A 

-j / 4 0 

J.A JL .<( 


5 


? 7 > ! 

S t- ‘ 

S \r 

! yi. 

i 



34 


■% 

l.}: 





m 


The use of this 

line is ’described later under line 5 



the CPR EiiCD vac 

•ccr. 


r — j 

1 


0 

7 / 



This contains th 

.0 5 bit CPR number (0 

~ 31), 

L j 

2 

CPA va 

CQ 

R/W 

LI 


A 

1A 12 


r v 


\ ? i 

; >r 

1 



<.d 


■53 


CO 

CPR RA 

31 

R/W 

1 — i 





n 



2 A 

4 . 

i i 


1 AC \ 

Real Address S 

LZ 1 



33 


63 



Tho 4 lie bits represent tho page siaes 64K - i '6 words 
as the values 12 «*> 0 respect i ve 1 y c Tho AC bits are 
the access control on the page 0 (Shov/n below) 0 

/vh /**>• 

rh"v HmIv 

Program 


0 ; 

0 

Ctey 

Only 

0 

1 

Obey 

and Re. 

i 

0 

Read 

Only 

X 

i 

Re ad 

and Wr 


bit 35 - o 
i 


Executive node only 


fjiy 


lj a (<■ a 


u 


21,8,72 



8 0 6o2 









lJ 


Lines 1 -> 3 are used for reading from and writi ng to one of the 
32 CPR registers o Each of these is conceptually divided into Virtual 
Address part and Real Address part of the format illustrated in CPR VA 
and CPR RA d Writing to either CPR VA or CPR EA initiates a write 
operation to the VA half or RA half of the CPR register specified 
by the contents of CPR NUMBER,, Similarly ? reading from CPR VA or 
CPR RA initiates a read from the VA or RA half of the CPR speeified 0 
A restriction involved in loading a CPR is that the Real Address part 
must be written to immediately before the Virtual Address part 0 This 
restriction dees not apply when reading from a CPR Q 


4 


5 


6 . 

7 


CPR IGNORE 32 ■ R/Y/ 

This consists of 3 ^ bits each of vhich corresponds 
to a CPR and whan set to 3 i° means that CPR is empty,. 
This vector of bits is ordered so that the most 
significant refers tc CPR line 0 0 

CPR FIND 32, R/W 

t 

This nus tlio same h.Ofi‘iCccb> as ■uPR Xu'j.’itjRiii buc is us so 


conjunction with 

CPR 

SB ARC 

! (line 9) in an 

equ: 

Cvalei. 

CPR registers c 


C°R Z 


which bits in the PSX 


:/ji the virtual half of 


the CPR 9 s are not used in the equivalence check and 
CPE SEARCH specifies the required bit pattern 0 
Writing to CPF; SEARCH initiates the operation b Each 
CPF; which causes equivalence has a 9 i 9 9 Glided into its 
corresponding bit in the CPR Elite lino * 


CPR ALTERED 


•to 

O"" 


E/W 


0-9 


32 EA/ 

>tor 3 of the Altered and Referenced 


CPR REFERENCED 
Lines 6 and y are 
bits 0 These lines have the same formats as lines A and 5, 
An attempted access via a CPR causes a bit to be set in 
line' 7 (& 6 if write access) even on access violation 0 
Writing to a CPR \Vline 2) resets its bit in lines 4 -> 7 < 


6 u io75/2 


CPR FIND MASK 


16 


806*3 


9 


11 

<% B) 


l6 

<% lo > 


\! 


1 14 

!p! | 

37 


li 



The us© of this line is described under line 5 CPR FIND* 


The Find mechanism operates 
field whereas the P and X f 
s do 5 or 9 do not 9 single bit 
do not search on this bit* 


over each bit of the segm en 
ields both merely have a 
specification* A * 1 ? means 


CPR X FIELD 


24 


i £ 0 i si ! 

40 63 

Reading this register initiates a, road froze the Virtual 
Address half of the CPR specified by CPR number* This 
line is required for engineering purposes raid is fully 
described in the Engineering luXK Manual * Chapter 6 0 

CPR HOT EQUIVALENCE PSX 3c R/W~Resst 


12 l. 

■K7 

-A. 


"§3 


Q4 

v4"T 


ri 




ri 


L.) 


n 


17 

C%11) 


CPR MOT EQUIVAIi 




i a 


50 


‘03 


Line l6 holds the virtual address of the 16 word block 
which contains a line address that is to bs presented 
to the CPE is for equivalence* Lin© 1 7 holds the segment 
field of this address* When a CPR Net Equivalence occurs* 
these lines remain set although further addressing through 
the CPE ' 2 s can talc© place w 


LJ 


L i 


l _J 


1408 *72 



8 «6 0 4 


■ i 

LJ 

! 


lJ 


20 

,0 


<% 14 > 


The action of siting to the PSX line returns both to 
their normal state 0 Any CPR 5= interrupts which occur 
during the CPR p interrupt procedure will be monitored 
as system errors 0 If these occur before the PSX line 
has been reset P there 'will bo no information in PSX 
about the address causing the system error CPR jr a 

R/W=Reset Bit 57 


SAC PARITY 


^6 


o 

o 


03 


u 


U 


5 

THEK 

pass 


LIN 

si 
T 


; ; ; : 1 — exsc mode 

: \ \ 1 — PROP (NOT OBS) OPERAND 

! J ‘ — INSTRUCT XQH (NOT OPERAND) 

; * — ~ BIT l") 

1 — EXT 0 3 LOCAL STOKE STACK NO. 

EXCHANGE DATA (HOT LOCAL STORE) 

VALID i A DATA PARITY HAS OCCURRED 
;AS SEEK A PARITY FAIL IN EXEC MODE 
•Y SINCE 


Bits 56 and 5 (7 ARB RESET BY;- 


A data parity err 02 

T>J? ^ ^ ~ 




BX 

t 57 

ESCj 

&2JS 

SET. 



GETS 

T> r t 

r\T7* 



TfRXT 

1NG 

TO 

THIS LINE 


WRIT 

IMG 

TO 

23 


WRIT 

TNG 

TO 

BLOCK 

7 LIME 1 

; fe 

its 5 

7 - 

63 

until 

reset 0 

> c 

f all 

. Q'XQC } 

parity/ 

fails . 


u 


I — 1 


21 

<% 15 > 


SAC MODE 


59 _ 


DC 


i 


R/W 


; ; — INHIBIT PARITY INTERRUPT FOR OPERANDS 

I ! 1 — INHIBIT PARITY INTERRUPT FOR OPERANDS & 

' INSTRUCTIONS 

j 1 — INHIBIT EXCHANGE PARITY INTERRUPT 

; — FORCE 1 PARITY 

FORCE PARITY (NOT NORMAL PARITY) 


U 


Interrupt inhibits do not inhibit 
fail bits in lines 20 and 23 o 

All bits in this line are cleared by general reset. 


the setting of the parity 


LJ 


14.8//2 



,32 

(% i 6 > 


ACCESS VIOLATION 


6 o 


6a 


Jl2 


Q 


8 .6 « 


R/W~ Reset Bits 6i Sc 63 


I j f — - ACCESS VIOLATION IN DBS 

I i — PROGRAM FAULT ACCESS VIOLATION IN SAC 
, * — INSTRUCTION (HOT G FEEAND) CAUSED ACCESS VIOLATION 

— SYSTEM ERROR ACCESS VIOLATION 

Bit 6i is only valid when bit 02 is set ^ and refers to program 
faults only 0 


Bits 6 0 ? 62 and 63 are reset by:- 


General reset 
Writing to this line a 


t J 

m 

M 

m 

L J 


^3 

<% 17 > 


SYSTEM ERROR INTERRUPTS 


sz_ 


As. 


R/lfcReset (see below) 


L'iw. iiJU w 


j | “ DATA (V-v/rite) 

; 5 ~~~ ADDRESS i 

CONTROL I*. UNIT NO J 
EXCHANGE OVERDUE 

PARITY INTERRUPT 
TORE FAIL (WRONG STACK) 


PARITY FAIL ON ^ 
INCOMING REQUESTS 
FROM EXCHANGE 


‘ — CPE MULTIPLE EQUIVALENCE 

These bits are all se*c independently of one another 9 
as their respective faults are detected 6 
Writing to this lino resets all bits except bit 583 
and also resets line 20 y and block 7 line 1 0 Bit 58 
detects a hardware fault that cannot be cleared by 
software * and can only be reset by general reset * 
General reset resets all bits 0 

Writing to block 7 line 1 clears the bottom 4 bits * 


34 


UNIT STATUS 

1 - 

2 - 


R 


1905E OPERATIONAL 


EXCHANGE 




(Bit 63) 
TICNAL (Bit 62 ) 


i ) 
•-J 


25 

<% 19 > 


1905 E INTERRUPT 

Writing to this line causes 
to be sent to the 19052* 


an interrupt signal 


21.8.72 



8 * 7*1 


LJ 


U 


lJ 


LJ 

i 

U 

' i 


8.7 The IBU V-Storg (Block 5) 

The instruction buffer unit maintains a record of the eight 
most recont control transfers in the form of a 9 jump from 9 address 
with a # jump to 1 address e This table is know as the JUMP TRACE 
and software communicates with it by means of the IBU Valines* 

The JUMP TRACE is not maintained in any interrupt mode* Since V 
store access can only be obtained in these modes this ensures that 
IBU V store is used sensibly when JUMP TRACE is static* 


Address 

64-bit 

boundaries 


Name 


Size 


Access 


FILL-POINTER 


4 


R/W 


28 


32 63 


LJ 


L_l 


1.. J 


u 


The line points to the entry in JUMP TRACE which is 
the next to be filled 0 When the hardware fills an 
entry the FILL-PGI2TTER is incremented by 1 (modulo 8), 
Reading this line gives the format shown above* The 
Valid bit (bit 32) indicates whether that entry has 
been filled by the hardware since the last process 
change (see PROP V store 8 0 3> 0 

When writing to this line the format is as follows 


u 


u 


~1 

lJ 


3Q 60 61 63 . 


! LINE NOj 


Bit 59 causes the FILL-PGNTER to be written to when 
bit 60 (Trace On) is sero ? i 6 e op the Trace is switched 
off* To switch tho Trace on the line must be written to 
again with bit 60 set to a one P or a general reset given. 


X I 


14*8*72 


u 



S 0 7»2 


1 JUMP FROM 32 P. 


I VI 8 J UMP FROM l ADDRESS ! 

32 ~ 63 

n 

This line contains the * JUMP FROM 9 address (the address ,_j 

of the last 16 bit section of the JUMP instruction) in 

i — 1 

the entry in JUMP TRACE pointed at by the FI LL-P 01 MTER 0 ^ 

N 0 S 0 The 9 JUMP TO 9 addresses in JUMP TRACE cannot be read 
as V store 0 

It cannot be read unless bit 60 in line 0 has been set ^ 

to aero* - i 


ri 


1 


27 * 11 * 73/3 


n 


n 

ij 


n 


j 



1 




q o 

O *0 


Peripheral V/indov; V-Store (Local Block 6) 


- 1 


Address 


Name * 


Size 






0 


MESSAGE Y/IHDCif 32 


This register belongs to MUg V-stor© 
may have information written to it f 
in the system,. The siting of this 
an interrupt in MU5 0 The inf or mat ic 
attempt to write to the line frora v/i 
causa the line to be set not busy 0 


U 


L_J 


— ) 








..J 


LJ 


8 0 Sol 


Access 

R/VfcReset 

but in addition 
rom other units 
information causes 
n may be read but any 
thin MU5 will merely 


14*8*72 



8 . 9-1 


8.9 Parity V-store (Block 7 ) 




r n 


Address 

(Decimal) 

6zl~bit 

t 

boundary 

0 


1 


Nam© 


Sis© 


Access 


MU 5 R1PF 1 R/W _ 

This provides a moans of inhibiting further requests from 
MU5 to exchange (see also 9*2 0 1) o 

m 

General rosot resets this to s©ro 0 


EXCHANGE REQUEST PARITY 4 


R/W— Res © t (see below) 

j 



DATA (V WRITE)) 


1 — ADDRESS 
1 — CONTROL & UNIT NO 
1 — EXCHANGE OVERDUE 


j 


Parity fail on incoming 
requests from exchange 


Writing to this XSne resets all bits and resets th© l 0 s 0 
4 bits of block 4 lino 20* 

This line is reset by:-* General Reset 

Writing to this line 
Writing to Block 4 line 23 0 


This line duplicated in block 4 20 0 


ri 

1 


1 — \ 



n 


r 


r~! 

H08.72 




c J 



9,l«l 


u 




■J 

- 1 
t r j 




• j 








Chapter Q The Vx-Store 

9 0 1 Introduction 

Vx-stor© consists of registers which control and/or 
diagnose system hardware and which are communicated with from MU5 
and other units in the system 0 It defines the means of communication 
between MU5 and the other units of the system 0 MU 5 may only access 
Vx -store when in executive mode or any interrupt mode* Access is 
achieved by a real address in a real address mode descriptor or by 
CPR bypass o Below is a list of the system Vx-s tores 

9o2 MU 5 Vx 

q 0 3 Disc (Drum) Vx 

9«4 Block Transfer Unit Vx 

905 1903 s vx 

9 0 6 Local Store Vx 

Qo7 Mass Store Vx 

9o 8 System Performance Monitor Vx 

N 0 B 0 A problem exists when writing to the Vx-s tore and then changing 
the status of the machine a As far as MU 5 is concerned* a write order 
is complete when it is accepted by the store access control and it is 
possible ±Gr a large number of instructions to be obeyed before the 
order is actually executed 0 A software interlock mu at be applied in 
cases where this could cause trouble* e 0 g 0 * writing to reset a BTU interrupt 
and then releasing the interrupt flip flops in Machine Status may result 
in a second BTU interrupt* which will apparently vanish and may look like 
a message interrupt in the u/or^t. case 0 A similar problem could arise with 
parity interrupts , and local store fail soft* 

There are many ways of providing such an interlock and two such 
ways are illustrated :- 


a) -> Vx-Storo 

Bn = same Vx -store 
(destroys Bn) 

A and X orders do not provide a satis 


b) => Vx-Stor© 

B 0 same Vx-stor© 
B 0 0 

( innocuous ) 
actory interlock* 
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9.2 The MU 5 Vx-Store 

The normal MU5 Vx-store consists of the following:- 

The Peripheral Window (Block 6^ Line 0) 

This line falls into the Vx category because it is the 
means by which other units in the system communicate with MU5* 

These have write only access and use this to put information 
into the 32 bit li no* This causes an interrupt in MU5 which 
allows the information to be read* 

The Parit3/ Y-Store (Block J) 

MU 5 RIPF is bit 63 of line 0 of MU5 V-store block J Q It has 
read/write access from all units in the system including MU5* 

When any bit in the exchange Vx line UPF becomes set (see 9*4 ) 9 
exchange sends a signal to every unit in the system 0 This is 
ignored if the unit has the manual * ignore parity 7 switch set 0 
If not 9 and the RIPF bit is set to ‘I s then no further accesses 
are permitted from MU5 to exchange until appropriate action is 
taxon 0 

In normal circumstances this is a complete description 
of MU5 Vx -store* however 9 if the REMOTE switch is set in MU5 
Console V store (Line 12 bit 54 see 8 « 5 ) then blocks (2 -> 5 ^ 
cx Till 5 V store becomes available as Vx -store in addition to the 
two lines just described* - The MUJ V -store is completely described 
in chapter 8 0 All V lines in blocks 2 ? 3 and 5 become treated as 
Vx lines with the same access as before* However ? block 3 the 
Console V -store (8 does hav© seme changes on access a Lines 
10 * 11 and 12 as V store have only READ access* The permissible 
access as Vx lines is KEAD/V/RITE with the exception of bits 54 
and 55 ° 1 ' line 12 which stay READ only* 

Access to the Peripheral Window and MU5 RIPF is unaltered 
on REMOTE * 
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9 o 3 The -Disc (Drum) Vx -Store 

The Disc Vx lines exist in one block (Block o) which consists 
of 32 lines of 64 bits 0 

Address Name Size Access 

(64-bit word) 

0 DISC ADDRESS 22 R/W 

1 1 8 2 6 6 2 6 

1 P Pi BAWD T BLOCKl'^l SIZE | 

32 " 63 

P is the internal read request bit and if_ - 
set (i o e 0? = * 1 1 ) overrides bit 33 * 

(Therefore normally a aero)* 

R/W specifies whether reading from or writing 
to the disc* (*i y = READ ) 0 
D specifies the disc number 0 -> 3 « Each 
has 64 bands containing 3 7 blocks of 25S 
words (32 bits * 4 parity bits) 0 
SIZE specifies the number of blocks requested 
for transfer 0 

Writing to this line initiates a disc transfer * 
Note The block and size digits are updated during a transfer* 

1 STORE ADDRESS 2 Q R/W 

4 , 34 

i ^W.^jUE'ITS MASS/LOCAL REAL ADDRESS ! 

4 1 ' 


The 38 bits specify the real address in what is the 
receiving or sending unit 0 Hardware ignores the l 0 s 0 
eight bits of the address; it is assumed to point to 
at least a 236 word block boundary (minimum transfer 
siae) 0 This line is altered during a transfer 0 
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DISC STATUS 32 (see below) 

The description below is of the status bits when sot = ** ±\ 


Digit 

3 ^ 



34 - 41 - 


A 2 


43 - 44 ^ 

45 

46 

47 - 48 - 

49 

50 

51 - 52 ~ 


53 


54 

55 


Decode the rost of the status lino , 

This is examined by software on 
completion of each transfer,. If set^ 
set, some further action is required , ' 

This digit is reset by writing a * 1 7 
to it. 

Decode Vx line 7, 

This indicates an operators request to go 
onto SELF TEST 0 Further information about 
the request is held in line 7, 

Eight bits reserved for discs 2 & 3 having the 
same significance as bits 42 ~> 49, 

Disc 1 absent. 

Set manually to indicate the disc is off 
line 1,0,3 cannot be read from or written to 
by a CPU, 

Spare 

Disc 1 on Self Test, 

Disc 0 absent,* 

Spare 

Disc 0 on Self Test, 

Illegal request to the disc. 

When input parity error occurs these bits 
define whether it pccured in data 3 address or 
control information, a 

(PFo), Input parity error. This causes a bit 
to be set in the exchang© Vx line UPF, 
Resetting of both bits is achieved by 
writing a ? i 5 to this bit. 

Bound locked out (see line 3), 

Data late (Hardware error). 
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u 



55 


57 


59 

v 5 o - 63 


Column parity error (internal to disc)* 
Row parity error (internal to disc)* 
Ignore par it 3 ^ fault - applies to 


1 input parity error 5 (bit 53 ) only* 
End transfer* 9 l 9 = ENDED* 


Disc unit number (- o)« 


Access 

All bits of STATUS can be read* Only bits 32 , 5°; 53? 5'8 
and 59 can be •written to* Each is reset by writing a * 1 5 
to its bit position* 


CURRENT POSITIONS 24 


R 


LJ 


2 6 _ J5 J5 6_ 

~D3 I ' D2 1 D1 1 DO | 

32 n 53 

! ! — DISC 0 PACKING DENSITY 
DISC 1 PACKING DENSITY 


This line gives the current positions of each* 
of the discs, and also records which packing 
density is current ( ? o’ - HALE P a D*, *I ? - FULL 
PoD,)o 

LJ 


■LJ 


COMPLETE ADDRESS 


28 


R/VI 



28 ‘ 

REAL ADDRESS j 

63 


:_j This line holds the dress to ba written to on 

disc transfer complete* The ‘information written 

— I . 

is the STATUS line 2* This" address must not ba a 

L J 

disc address* 

L_J . - ' 

5 LOCKOUT 01 32 R 

— 1 


_ _ 16 i 6 _ _ 

1 IQCKOUT DISC 0 1 LOCKOUT DZSc"‘l " 1 
32 " 63 

This contains 16 lockout switches for each of 
discs o and 1 0 Those are set manually a Each 
bit locks out 4 bands* 

lo /L.V^/1 


LOCKOUT 23 32 R 

As for line 5 applied to discs 2 and 3® 

REQUEST SELF TEST 5 



Digits 

59 -> 60 


61 

62 

63 


Reserved for Request Self Test 
on discs 2 and 3 „ 

'Request self test' on disc 1, 
'Request self test’ on disc 0„ 
’Request self test' is set manually 0 
'CPU permission to self test*. 


Access 

All bits can be READ, Only bit 63 can be v/ritten 
to. 


SEXjF TEST COMMAND 


R/U 


l l— 

32 


3 11 


57 


Digit 


57 - 59 

margins 

60 

- A/D Required 

61 

Self Test 

62 - 63 

Disc number 
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SELF TEST STATE 


26 


R 


LJ 

u 

~J 


6 6 6 6 3 1 i i 1 1 

i yFl B/iHD i BLOCK! TRACK] Mil! 
32 ' S3 


A/D holds the A/D conversion valu© 0 The 
current BAND, B2X3CK TRACK is maintained, 
Digit 

- Max/Ivlin Signal 
Print A/D 

- Surface Error 
Address Error 

- Self Phasing Error 


59 

60 

61 

62 

S3 
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9o4 ThG BTU Vx-Storo 


The Block Transfer Unit is designed to perform autonomous 
block transfers between six possible stores in the system (2 mass 
stores and 4 local stores) 0 Up to 4 block transfers may be specified 
concurrently and those are carried out on an equal priority* time- 


shared basis, 


A block transfer fTcqft mass to local for instance is carried 


out one word at a time through the exchange 0 The word to be transferred 


is buffered in the BTU before being sent on to the local store * Thus 


the transfer mass -> local actually consists of two transfers:* 


Mass -> BTU followed by 


A block transfer has 4 controlling V-Iines associated with 
it 0 There are 4 sets of these ¥ lines allowing 4 concurrent transfers, 
Bach set is situated in one of the 4 block addresses o -> 3 of this 
units address field 0 A block of BTU Vx -store consists of 32 lines 
of 64 bits o Y/ithin blocks 0 -> 3 the Yx lines have the following 


s ignxx x canoe : * 


ICES 0 ~> 3 (Transfer control V lines) 


Access 


Specifying 


OA-bit boundaries 


□URGE ABIDE 


i AWWWl 

T2 


Source R 0 A« of block 


The hardware interprets this address as referring 


to a boundary that is a multiple of the block 
size obtained by rounding the transfer size up 
to the nearest power of 2 „ In addition the 4 
least significant address bits are always interpreted 
by the hardware as zero (16 word minimum boundary)* 

A transfer of all zeroes (null transfer) is achieved 


when bit A 1 of the source K.A„ is set to 1 and the 


unit no (bits 36 - 39) are 9 (i,s„ local), 
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DESTINATION ADDR 32 R/V/ 


lJ 



U 


i 

! 


4 28 

Dest i nation R 0 A 0 of block 

32 ” ■ 63 


This address is interpreted by hardware in 
the same way as the source address 0 


! I 

— 1 
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SIZE 20 R/V/ 

12 ' 4 ; 16 

L.ram^ r i~iTi~T ' n" ~ i 

32 44 48 63 

At the start of a block transfer N specifies tho 
transfer size as 2 less than the number of 32 bit 
words due for- transfer 0 (N/2 will always be cdd) 9 

The maximum transfer size is 64K and the minimum 
theoretical sis© is 2 words 0 

The transfer is carried out from the final word of 
the block backwards to the firot 0 Each time a 64-bit 
word is transferred N is decremented by 2 e Cn 
completion of the transfer N will be = ~2 0 
Ui is the number of the unit which is to be 
interrupted on completion of the transfer 0 

TRANSFER STATUS 4 R/W 

28 1111 

t rr i 

32 “ ’ 


i i I 63 

1 1 1 

1 | 1 — SPARE 
— PDT ■ 
— TC 
— TIP 


Bit 60 is the Transfer in Progress bit. Setting 
this bit initiates a block Transfer 0 It may be 
reset by software to terminate the transfer midway * 
Hardware resets this bit on transfer complete 
(successful or not) 0 


lJ 
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Bit 6l is th© Transfer Complete bit 0 Hardware 
sets this bit on completion (successful or not) 
of the block transfer * Thi3 is what causes the 
Block Transfer Complete interrupt in Ui 0 The 
interrupt may be turned off by resetting this bit 0 
Bit 62 is the Parity duying Transfer bit* When 
set this bit indicates that the current transfer 
has been terminated by hardware because of a parity 
fault (see B e T*U 0 Block 4 - Parity V- lines ) 

Bit 63 is a spare fault bit 0 

BLOCK 4 (PARITY M AN AGEMENT ) 

PFO I R=Reset 

Bit 63 of this line is sot if parity is detected 
on address or control bits sent to the B 0 T 0 U 0 
from exchange 0 This signal is passed back to 
exchange and sets a bit in the UPF line in th© 
Exchange Vx -store (see BTU Vx-store Block 5 
line 2 )o Both of these bits are resGt by 
reading the PFI bit only 0 

B.ToU, RIPF 1 E/W 

Bit 63 of this line is a means of inhibiting 
further requests from the B C T;U to exchange 0 
When any bit in the UPF Vx line (see block 5 
line 2) becomes sat as a result of some parity 
fault exchange sends a signal to each unit in 
the system* When this signal appears in the 
B 0 T*U 09 provided parity interrupts are 
unhinhibited,, the RIPF line if set will stop 
further requests to exchange* 

TRANSFER COMPLETE 4 R 

Bits 56 - 59 contain the transfer complete bits 
for channels 0 ~> 3 respectively* 

N 0 B 0 Early morning reset sets these bits to zero* 
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BLCCK 5 (Exchange Vx Line 


The exchange does not have the status of a unit and its V-linos 


are addressed via the 3 0 T 0 U 0 The exchange Vx lines constitute block 5 


of tho B0T0U Vx -store, 


13 R/tf=R©s©t 

This line indicates sending unit parity fail* 
For each transfer through exchange P the data,, 


address and control information is checked for 


correct parity 0 If the check fails a bit is set 


in STjPF corresponding *co the unit which sent tho 


information. 


iwiiim 


r’dts 52 “**> 03 correspond to wrong parity from 


units o 11 respectively o Thus,, exchange 
does not stop the transfer if a parity failure 


is detected ? but merely notes who was responsible 


for it 0 Reading this line causes it to be ‘ele; 


Bit 31 is known as CAP* If set. it indicates a 


control oi' address parity, 


iW 




Bit 51 ef this line is set if any of the bits of 


SUP? (line o> are set* It represents any parity 


.ail on information entering exchange * Bits 5$ 


~> 63 represent any parity signal sent to Exchange 
from units 0 11 respectively* All units parity 

chock information coming from exchange 0 Any failure 


causes a bit to bo set an tno unit anc 


returned to exchange which sets the appropriate 


bit in U?F< 


52 -> 03 of DPF are resot 1 


c Dy resorting tno 


parity fail bit in the appropriate unit, 


reset by reading SUPF 
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Qo 5 The iQQ 5 S Vx-Storo 

This Vx -store consists cf four lines in block 0 o 

Address Name Si go Access 

(Decimal) 



boundaries 

0 VXINT 1 W 

Writing to this line interrupts the 19052 at the 
next-occurring Normal-Mode instruction-fetch time 0 
(The value of bit 63 is irrelevant ) 0 Writing to 
this line also sets bit 2 in the 19052*8 internal 
V-line 129 « (known as SRI29) * 

1 5ERIPF '1 W 

Writing a 0 to bit 63 of this line resets the 52RIPF 

flip-flop, (thus allowing requests through Exchange 

in the ©vent of a parity fail) 0 Writing a 1 to 

bit 63 sets 52RIPF, (thus inhibiting requests in the 

2i 

event of a parity fail) 0 ^ERIPF appears as bit 2 W 
in the 19052*3 internal V-line 129 ® 

2 . RPS , 1 * W 

Writing to this V-lin© reset s the 1 Q 052 ? s PFQ flip-flop* 

(The value of bit 63 during writing is irrelevant) 0 

PFo , which indicates a parity fail detected by the 

1905b- on information received via Exchange , also 
l8 

appears as bit 2 ±0 in the 19052’ s internal V-line 12 Q* 

3 (Spare) 1 W 

(Writing to this lino causes no action)* 
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b) 


Writing to higher V:-: add r eases causes the address to be decoded 
modulo A 0 

Incoming Road p and Ro ad - andM ark requests are ignored by the IQG5F3 
except that v Buffer Proo 2 signals are returned to Exchange 0 Note 


that the ? Store Fro © 9 flip-flop does not exist in Exchange for 
*1 


;ne 




In order to aid system development P there exist further signals 
between the I905S and MU5 c The following is a list of relevant bits 
in alio 1905^*3 internal V-li:±© 129 * 


r n 


J 


1 ! 
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digit in 7 -line 12 Q 


■\ 



7 o 





moaning 

Advance Warning of Power Failure - 
(similar to bit 49 in MU 3 System 
Error V~*line ) 0 
MU 3 ? s Remote switch cn/off 0 
Exchange operable /inoperable - 
(similar to MU5 V-lin© 24 in block 4) 0 
Allow/Inhibit MU5 communication - 
(a manual switch on the 1905s)* 

Unit fail - (similar to the Exchange 
Overdue signal at bit So* MU5 V-lin© 

23 in block 4 )* 

DIHTQ a (Diagnostic Interrupt Outwards ) ? 
this is sot by writing to MU 5 V-lin© 

23 in block 4 0 

B 0 ? 0 U 0 End -of “Transfer interrupt 0 




The IQOHE also 




>on«is 


r_' *_• vj r*. 


-j-5 


to indicate 


a signal which appears in bit 63 of MU5 V-lin a 
that the 19052 is operational 0 Finally, the I 9052 
s of mva-s say produce a signal O'il'lTI - (Diagnostic Interrupt Inwards) - which 
interrupts i.rc '5 at level 0 , and appears as bit 54 '^ ne System Error V-lin© 0 
'As yet not imp lamented) 0 

Further description of the I905S/MU5 interface may be found in the 
L 9032 d ocuncn z at i on <> 
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q 0 6 The Loc al Store Vx-S tore 

This V:-:- store consists of 5 in Block 0 o 


Address Name Size Access 

(Decimal) 

64-bit 

boundaries 


o 


q 

O 


PFO 


1 ' H/W~ Reset 

Bit 63 is set ’when a parity failure occurs 
on incoming addresses or control bits from 
exchange,. This results in a bit being set 
in exchange V line UPF a Both bits are reset 
by writing to PFO e 


FAILS OFT 


8 


K/W 



4 


, 4 .... 

J 

I 63 


OFF LINE 

— - MODE 



’i 




ss 


->> 


59 


60 ~> 63 


These bits can be set to specify 
a failsoft mode 0 (See below) 0 
These bits are set manually to 
indicate a stack (0— >-3 respectively) 
is OFF LINE* Writing to these bits 
has no effect 0 
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These may be set to II meaningful numbers 0 Each number corresponds 
:o a mode of operation of the Local Store ; as below:*** 


j'\ iv 


.__j 




0 

1 

' 4? 


. 

0 

Normal - all 4 stacks Interleaved in 

lo 11 

!2. 3! 

14 51 

16 7 



odrer 

! 

1 

1 1 

I ! 

I 

nj 



i 

1 

1 1 

! i 

1 

” "i 








; J 

t'. 

ITon-interloavod - Each stack contains 

lo- I 

14- 1 

lo- 1 

1 12- 



4K of sequential ad drosses, in order 

! 

1 

4K 1 

1 

I oK 1 

1 ! 

! 12 KI 
! 1 

1 i 5 k 

1 

; J 









0 

Non-in tor leaved - Each stack contains 

! o~ ! 

112-1 

lo- ! 

i 4- 

1 


4K of sequential addresses, in order 

i 

12 X 1 

! l6ld 

1/jX 1 

i 2 1 C 

L_J 



» 

1 

1 

1 1 

I 1 

i 









i | 

o 

Non -in tor leaved - Each stack contains 

1 

/«- j 

lo- ! 

! 12-*! 

!o~ 



4‘K of sequential addresses , in order 

i r»K i 

1 i 

I4K 1 
! 1 

I JU/iM 

1 1 

1 12K 

i 










/ 

Non-interleaveri - Each stack contains 

i 

12- ! 

itP~ 1 

iX-V 

i 6- 



4K of sequential addresses, in order 

! 

il Sic 1 

i 13 K! 

? 0«>* ; 

{ Ol\ i 

1 4'x 

i l 



1 

1 

! 1 

i 1 

t 








’• l_ ’ 1 








i 

1 ) 





] 

~ I 

k 

O 

Inter leaved in pairs, stacks 0 & 3 

lo 1! 

So li 

13 3! 

! w 0 

. — 


and 1 cs 2, addressed in order 

! 

0- ! 

» n 1 

1 0- I 

IV i 





1 

Hk 1 

1x6k! 

! lSid 

1 V 

l i 








• v 







. j 





, j , 

1 

j 

i 

‘ ) 

9 

Iircerloaved in pairs, stacks i & 2 

! 

0 li 

loll 

|3 3 ' 

la 3 



and 0 ?; 3, addressed in order 

IP- ! 

lo- 1 

io- ! 

j O 
| O- 



1 

lord 

loK | 

IV 1 

I ioi: 

LJ 














j 







i 

1 

“‘“l 


.1.0 

Interleaved in pairs, stacks 0 & 2 

1 

0 il 

!o i’l 

U 31 

\2 3 

1 


and i c' 3, addressed in order 

t 

1 

0- i 

I a- ! 

lo- i 

j 



} 

Or* l 

! i6id 

! n T>* { 





1 

;oiv I 

I ! 

i j- ' * . ^ 


ij 
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Interleaved in pairs, stacks 1 & 3 
and 0 Sr. 2* addressed on order 


Interleaved in pairs 9 stacks 0 & 1 
and 3 S: 2 P addressed in order 



I 


- j 


,1 

!o li 

| 

So 11 

! 

l2~3l 

?“tT| 

** 0 ! 

1 

18- ! 

lo- 1 

18- 1 

lo-* i 

re 

1 

i i6k| 

18k I 

1 161CI 

18k i 

F 

"X 

i 

! 

; 

X 

io 1| 

u 31 

12~3l 

10 11 

, 

lo- I 

lo- f 

18- ! 

18- ! 


18k i 

18k | 

1 3.6k} 

U6iC| 



13 


Interleaved in pairs 9 stacks 3 & 2 
and 0 u L addressed in order 


So II 
18 - i 
! 3 , 6 k ! 


12 31 


18- 


! ,1.6k 


12 3! 
! 0 “ ! 
1 Sx 1 


Modes 1 ^ 2 and 3 also give normal interleaving 0 

Suitable preemptions must bs taken to ensure that tho setting of this line 
is not changed unless the Local Store is completely inactive * 
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3 i j 1 jlL 4 i ji ‘j O i. w- Ti xvt } 


2 1 2 - 1 2 
I “■ \\\ v \T Wj j j ]■"'"* | j | 


Pigi t 


Margins - those bits specify three 
states as fallows:- 

00 - Normal 

01 - Normal 

10 - Inverse of console switches 

11 - Obey console switches 

End Action - } 0 T - Continuous self 1 
*1 ? - One cvcle of the 


' — 1 



53 - 57 

Fixed Address Bit 


L 1 




Those bits specify the ra 

ago of 

1 




addresses to be tested on 

this : 

— J 




00 - All 64 bit words 





- 

Cl - Only the odd 64 -bit 

words 





10 - Only the even 64 -bit 

words 




56 - 00 

Pattern for testing 





6i 

Function 






’G 7 - Clear Write 






* 1 ? - Read Restore 





- l; 0 

Stack on test 





' r^r* c . ‘ 

■1/5 T? 


1 j 

**-1* 

‘ w ' 

_■ w-J 

j. a *v 



( 2 i 3 ) 

Vj 


*• A 



i 1 



j VhT' y; \W\\\< 



”1 



s','} 

~ v 

63 


-lj 



This allows 

the current seif test address 

to be 

-U 1 



e a >- v ^ 0 0 >s ? 

after stop, on error)* The ad 

dross 


in the form of 12 bits referencing a 64-bit wore 

irr the stack on test a The stack in question must 
already be on self -test 0 
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PST 


5 


See Below 


A i 

32 63 


Digits 

59 - 62 READ ONLY Fault bits - one per stack 

63 E/V/ - this bit initiates and terminate 

self test when set = o 9 
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J 
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"1 

_l 


9 o7 mass Store V%^Sto£Q 

Address Name 

04 -bi'c 

boundary 

0 PD7/ER STACK 0 

1 pg;ver stags i 

2 PCV/ER STACK 2 

3 P3V/BR STACK 3 


Size - 


Access 


8 


8 


8 

8 


R/W 


R/W 

V 

‘f 


R/W 


R/W 


Those first A V:r 
$ 

supplies in the stacks o 


lines define the operation of power 
~> 3 with the following format 



! 


lJ 


1 i 



32 

D° 

63 

digits 



^ 

^ 0/ 

Power Supply 

0 

ko **> 3 y 

Power Supply 


60 "S’ Ox 

Power Supply 

2 

03 -> 63 

Power Supply 

0 

0 


LJ 


u 


digits above define 
on increased 02' reduced 


Value 



CO 

- 

Nominal 

Oi 

- 

Reduced - margin 

li 


Increased margin 


Each stack has 4 power supplies and the 
whether these have to work at nominal values or 
margins 0 


U 
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OFF LINE STACKS 


ilMI 


HP 


iiii 

Mil l 

Iiii 

Ml! 


STACK 3 


— STACK 2 
— STACK 1 
STACK 0 


These bits when set to * 1 * define a stack to be 
OFF LINE* This is achieved manually * 


WORKING -STACKS 


This line has the same format as line A 0 

Each bit when set specifies a stack to be work in 

normally o Reset to put a stack on test 0 


STACK ON TEST 


62 and 63 of this lino define which of 


stacks 0 to 3 is on self test, 


ON TEST INDICATOR 


Sotting bit 63 initiates self test on the staol 
specified in line 6 0 To reset testing after a 
stoppage* stop on error 9 for example 9 GTi must 
first be reset to zero* then set back to v l*\ 


SELF TEST CONTROL 


32 58 63 


Before putting any stack on self test, patterns 
(58 ~> 60) and operating modes (6l ~> 63) can be 
written to this line„ 
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L_J 


LJ 


10 

(% A) 


END ACTION 3 R/W 

Bit 6l is SSQ and specifies 011X3/ one cycle of 
all addresses of the stack on tost ( ’ 1 ? ) or 
continuous cycling (*0 ? ) o 

Bit 62 is ST and for the stack on test specifies 
*stop at end of current store cycle ? (*1 ? ) 0 
Bit 63 is CON end specifies (for the stack on 
test) ? stop on error * ( 3 O s ) 0 To continue after 
stop on error this bit can be reset to *1* then 
set back to again 0 

TE ANSWER ADDRESS VJ E 

This line holds the address at which an error 
occured when on self test 0 



1 1 

H 

1 

u 


TR/u-TSFS 


R DATA GUT 36 H 

This lino nay be read to obtain 9 bits ? the data 
involved in an error on self tost 0 Data is regarded 
as 36 bits,, (32 data bits 4 - 4 parity bits } 0 This 
is conceptually divided into 4 sots of 9 bits & Then 
line 11 is re lino 17 defines which sot of 9 bits 
is to fee road 0 


u 


1 — 1 


u 


c%c> 


PARITY FAX I 


R=Raset 


26 , 111111 

i Ti rr 


O''? 


1 II ! I 63 
11 II ! M ' 
SIMM! 


M M i i 

I I I 1 L 

i I ! I 


PFAC 
- P ?3 
PF 2 
— PF 1 
- ppo 
PFV 


U 
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Digit 

58 ( PFV ) 

Parities 

~ V store 

I/P data 


59 

(PFO) 

Stack 0 

I/P or 0 /P 

O cl 

60 

(PF 1 ) 

Stack 1 

I/P or 0 /P 

data 

61 

(PF2) 

™ Stack 2 

I/P or 0 /P 

data 

62 

<PF3> 

Stack 3 

I/P or 0 /P 

d a*^a 

63 

( PFAC } 

- Address 

or Control 

bits 


57 < INVAL) 


Exchange 

INVALID ADDRESS sent to interface 
to high for number of stack 


working 

If any of these bits is set a signal is sent to 
exchange and to the Engineers Door and Console 0 


tO/ 

"/V 




STACK 0 STATUS 


E 


14 

,'C/ 


STACK I STATUS 


R 


15 

(% F> 


STACK 2 STATUS 


R 


^ £ 
JL O 


(% 10 ) 


STACK 3 STATUS 3 R 

The formats of theso 4 linos are the same* 
Digit 

61 - Power Supply on margin 

62 - Stack on self test 

63 - Error during self test 


17 

<^n) 


'HAESFER PART 2 R/W 

This specifies which section of the data or 
address word is to bo read when reading TDD 
or TA lines 24 and 26 0 

*0* refers to the most significant section* 
? 3 9 refers to the least significant section* 
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g 0 8 The System Performance Monitor Vx-store 

The System Performance Monitor Vx store consists of the following:- 


i I 


System Performance Monitor V-lino 

This lino is accessed by using a real mod© descriptor , with V-ctore 
specified in the origin 0< The real address part specified is irrelevant 0 
The top 32 bits of the vXLine are write only (if read,, they return 0)* 

The bottom 32 bits are read only c 


B;. T 


LJ 


>IT 


4 

3 

6 

7 


Enable bits 1 , 2 5 3 

RCi Resets and initiates histogram logic 

ECVAL Overrides validation lines for histogram input pul* 

INTOFF Turns off interrupt 

Enable bits 5, 6 ? 7 

BCNTi Initiates fast counters 

RCNTY'AL Overrides validation lines for fast counters 
ECNTK Resets fast counters 


U 


8 


9 

10 

i i 


Enable bits Q f 11 

RAID Identifies the activity required for software rnonitc 
Not used 

RAI 1 Used as EAIO 


BiT 


L_J 


Li 


12 

1 3 

14 

15 


Enable bits 13, 14, 15 

RIMA 1 Control the input mode on the two 
{ ;v 

RIMB J histogram input channels 
EDIT/ Allows Dwell Histogram logic to continue 
upon overflow of Y -Counter 


I 

BIT • 

16 

Enable bits 

17, 18, 19 

uJ 


17 . 

RSF 2*- :< 4 ■) 

Set the scale 



18 

RSF2**2 ( 

on the 



19 

RSF 2**1 J 

Prescalar 
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BIT 20 

Enable 

bits 23, 24, 25, 26, 27, 23 , 29, 30 


21 

Not used 


22 

Not used 

> — 1 

23 

RSAC 

Allows CPU to writ© to or road 

. — 1 



the real store via Exchange 

* — \ 

24 

RSAD 

Initiates the display of the store 

L j 



contents on the VDU 


25 

RSAIH 

Interval Histogram Mode 


26 

il-SAIDH 

In c r ©men t /Dec reman t Histogram Mode 


27 

RSARCH 

Clears Title store 

n 

23 

RSADH 

Dwell Histogram mode 

t j 

20 

RSAD AD 

Direct Addressing mode 


O 

CO 

RS ARD 

Clears Data store 

j 

27 St 30 


Clears title store and data store 

— l 

23 Sv 29 


Snap-shot Mod© 

j 


NOTji: Except for those pairs noted* only one bit in the 
above group should be set at a time e 


BIT 31 PPLR Turn off parity fail indicator 


BXTi 


32 39 


Not used 


ui ’>? m 

£>L 1 


Cr- 

Ou 


Not used 


BIT 01 




RM#C 'Monitor is in Manual Mode 


BIT 


62 


HI ONEX Monitor has ignored an Exchange request 


L J 


BIT 63 


T 


GIGNEX Monitor is ignoring Exchange except for V-ro a< 

i 0 e 0 * Monitor is in on© of the following modc;;r*- J 
MANUAL* DISPLAY* CLEAR- STORE m 


L J 

rp 
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•System Performance Monitor Real Store 

This consists of 3 blocks of store addressed as follows:- 


Actress 


Nam© 


Size 


Access 


word) 


Pit C DATA 0 STORE 


236 x l6 bits 


R/W 


To read /write from this store bits 48 - 63. of the highway are used 

512 SF&! 0 FAST 0 COUNTERS l6 x 32 bits R 

To road these counters bits 48 - 63 of the highway are used , 


4 - 7 * tho loss significant half is at the address 

+ 15 -> 1 6 -IT where 2-1 is the fast counter required 0 


SFZi a 7 ITLS '3 256 x 7 bits R/V/ 

?o re ad /write- from the store bits 49 ~> 35 th© highway 


are used 0 
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Chapter 10 The Basic Programming Language - XPL 


* ) 


XPL compilers exist for MU 5 and the I 90 O 0 Compatibility 
between the compilers has boon aimed for, however, there are 
unavoidable differences 0 

Since the MU 5 compiler will b© used more extensively than the 
1Q00 version, this description applies to the MU5 version, any 
differences between the compilers will be mentioned 0 


U 


lj 


Table of Contents 


U 
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Program & Statements e 
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Names » Litorals & Labels 


Tables & Texts 0 
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Kt 0 o 00 O 0 0 0 0 00 O 00 

Declaratives 0 


(1) Variable Declarations 

(2) Literal Declarations 


instructions 0 


0000000 


, 10,1 

eooooooo J-0 


o « o o 0 o e 


00000000009 


00000 


000000000000 


0000000 


000 10*3 

o 10 o4* 


OOOOO lOo^ 
10 o 6 


0000000 


0000 


(!) Computational 

(2) Store to Store 

( 3 ) Organ! s at 1 onai 
{ 4 ) Conditional 

Procedure Call' Facilities 0 c * 0 0 0 a 
Special Directive Statements 0 o • # o 
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10.1.1 The lletalgnguago 

Modified BNF (Backus Naur Form) is used to define any 
XPL syntactic element 0 

The modifications to the BNF are as follows. 

(1) In the order of alternatives and of elements within alternative 

a. Any alternative which is a stem of another comes after it. 

b. If one alternative is a special case of another „ it must 
come first. 

c. 2n recursive definitions , there must be at least on© 
left -most element not recursive. 

(2) Metalinguistic Bracketing:- 

Several alternatives may be specified as an element of 
another by enclosing them in square brackets. 
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10,2 0 1 Program & Statement 


V 

<XPL 0 PRG3R/BS> : := <PROGRAM.aF. A.SE©ffiHT>C<XPL„PRDC-RAM>i <ND>3 

<PRCGRM 0 OP 0 A a SB(BIEM , > : := * SEGMENT<SP> < SEGMENT „NO> <NL> — 

EEGIN <NL> 

<program> <N3> 

END <N3> 

*END OF SE(&5ENT<NL> 

The <program> consists of a number of statements, and hence, 
<prograra> : :« <STATEMENT>[<program>| <NIL>] 

The statements are;- 

<S?ATEIvl&NT> :;s= <LABEL>| 

<LA3EL> <SEP> j 

<TAB1E> <SEP> 1 

<TEXT><SEP> 1 

<BLOCK><SEP> 1 

<DECL.4RATIVEXSEP>I 

< i HSTKUCT I ON> < SEP> | 

<SPECIAL.DIKECTIVE.STATEHENTXSEP>| 

<SEP> 

where <sep>, a sopors, tor iss- 

<SEP> : <NL> i <COMENT> 

and where comment commences with two colons and terminates with a 
newline 0 For line continuation purposes 7r<NI> is ignored. 

The seven types of XPL statements are explained in the 
following sections „ 



io,3.i 


10 . 3-1 Names, Literals St Labels 

Since the basic operands in the language are names and 
litorals, it is convenient to define them first, 

( 1 ) Names & Literals 


<LITERAL> iso <DECIMAL> | 

% <HEX,DiGITS>| 

|< CHARACTER . STRINC-> £ I 
<NAME> ! 


<DR,LIT> 

<DECIMAL> ::= [-?- ! -i <NIL>]<INTEGER>[ ,<INTEGER>| <NII>] 

<INTEGER> <DECIMAL,DIGIT>[<INTEGER>| <NIL>] 

<HEX ,DIGITS> : .*= [<HEX>! <HEX>(<INTEGER>)][<HEX.DIGITS>| <NIL>] 


<HEX> ::= 0! 1 ! 2!$! 4! 5l6i7i 8| 91 AlBi CiDlElF 

CHARACTER ,STEING> : := [<CHARACTER>| <HEX, PAX R> 3 [CHARACTER ,STRING>| 

<N 1 L>] 


<HSX,PAIR> 

<VB> 

<I'TAME> 

<NAME ,SYMB0LS> 


<DR.LIT> 


<QUA> 

<0CT> 


<VB> <HEX> <BEX> <VB> 

; a vertical bar 

: : = <IETTER> i <LETTER><NAME , SYMBQLS> 

C <LETTER> i <DEC IMAL.DIG 1 T> I .][ <NAME . SYMB 0 LS> | 
<KIL>] 

: : -- D<QU A> < 0 CT>< 0 CT>/ [ < INTEGER> | <NME> ] 

/ [ <XNTEGER> ,<INTEGER> [ ,<INTEGER> i <NIL> ] i 
<NAME> ] 

: t= 0il!2i3 

0! Ilal3i 4151617 


( 2 ) La bels 

A label takes the form of a name followed by a colon, i.©,, 

<LABEL> <NAME>: 

Any number of labels may precede an instruction, and 
references to labels are optimised by XPL, 
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j 





j 


■LJ 


J 





LJ 


1 

$ 


u 


<3> Further Notes on Literals 

There are five different types of literals 9 and each of them 

•f 

is explained belov/* The XPL compiler will attempt to optimise on 
their lengths 0 


& 0 DECIMAL NUMBER (not currently implemented on MUg) in which a 
decimal point implies that the number is to be coded as a 
floating-point literal* All decimal numbers are signed * 


Examples 


Signed fixed-point 
2 


5i 


+ 5 i 


327680 


6-bit 

l6-bit 

l6-bit (the positive sign is optional) 
32-bit 


Floating-point (all 64-bit) :- 

l 0 o 1. will be faulted 

-0„23 :: -«23 will be faulted 

b 9 BINARY LITERAL is a % (percent) sign followed by a string of 
hexadecimal digits 0 Right justification is adopted „ 


Examples 


% 1 F 

c /c 2 F 


If 903 


9'oSoooooooooo4F903 

c /c8o(io>4F903 


6-bit signed 

l6-bit unsigned (6-bit is impossible , 
since the sign bit will b© propagated) 
l6-bit unsigned 
32-bit unsigned 
64-bit 

gives the same literal as in the 
above example 
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c„ CHARACTER LITERAL is a string of characters enclosed “by single 
characters which represent double quotes , Hexadecimal pairs can 
be used to represent characters not available on the input device, 
A compiled literal is packed eight bits per character (in ISO code) 
and right justified. 

Examples 

§ABCDE| : : Double quotes is represented by 

: : on most Flexowr iters 

f ABODE ! oAi XYZ| :: The hexadecimal pair jOAi is 

: : compiled as a newline character 

d e NAME LITERAL can either be a name declared as a literals 
or the name of a labels in which case the absolute address 
is used. 


Examples 


MAX, VALUE 
MASS 

ENTRY „PQXNT 
NINE 


- 100 
- %FOF 
= |STAKT| 
= 9 


BASE : 


e» DR LITERAL is a descriptor litoral. 

In XPL a the bound field can either be a previously defined name 
or an integer , whereas the origin field can bo either a name or 
8 SEGMENT qY/ORDqBYTE 8 „ which specifies the address of the start of 
the string (in the absence of the 8 ,BYTB 8 „ the byte position is 
taken to be zero). 
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Examples 


0033/19/8196,74,3 

:: This is a vector descriptor (typo 0) 9 defining 
:: a string of 8 -bit elements. Modifier is not 
22 scaled and there is no bound check. There are 
: : 19 elements 9 starting at by to position 3 of line 
22 74 in segment 8196. 

D260/NINE/BASE 

:: This is a descriptor (type 2 ), defining a 
:: string of 64-bit elements 0 Modifier is scaled 
22 and there is bound chock. There aro ’NINE 9 
ss elements * starting at the label ’BASE 9 . 

22 (The name litoral ’NINE 9 must be declared 
22 pri or to this DE literal 9 whereas 9 the label 
it 9 BASE 9 can be a forward reference ). 

£i\ T 0 3 0 Y/hen a vector is accessed by using a name corresponding to a 
descriptor literal * two orders will be compiled 9 e o g 09 

A = DESCRIPTOR. i [B] 

will be compiled into 2- 

D =s DESCRIPTOR . 1 
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10.4.1 Tables & Text3 

Table is used to plant literals within th© compiled codo 3 
whereas text is used to plant a string of symbols . 

(i) Tables 

<TABLE> DAT AVBC <SP> <NAME> ( <LENGTH> ) <NL> < LIT . LI ST> <NL>3ND 


where <NASSE> 


<LENOTH> 


<LIT.LXST> 

«LIT.LXNE> 

<LXT.ITEMS> 


: :« a literal descriptor sot up to access the 
content of the TABLE . 

: :*> an <XNTEGER> specifying th© length of th© 
litorals in th© TABLE. (Th© length can 
bo 1, 4 „ 8 , l 6 , 32 or 64 -bit). 

: :=> <LXT . LXNEXNIXLIT . LIST> I <LIT.LXNE> 

: ;= <LXT . STEMS > [ <LB> < INT> <RB> I <NULL>3 
: : = <LXTERAL> , <LIT . ITEMS> | <LITERAL> 

Whore <int©g©r> indicates tha number of times 
that th© proceeding items on this lino are to 
b© repeated. Nested repetitions are not allowed 


Example 


DATAVEC TABLE .1 (64) 

99 

% 14A76F02F 
-|ab| 

-I, [5^ tt -1 to be planted 5 times • 

4. FEED, [23 4» FRED to be planted twice 

o 

END 

(2) Texts 

<TEXT> : := DAT ASTR<SP> <NAKE> ^CHARACTER . STRING^ 

where <HM> : := a string descriptor set up to access th© 

<CH ARACTER . STRING> 

Example 


DATASTR CAPTION.! f**FIX LINEPRINTER**^ 
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iO<> 5 *- Blocks 

<BLOCK> : := [BEGINI PROC<SP><PROC *NAME >1 [( <LABEL e LIST>) i <NIL>]<KL> 

•<program> 

END 

•where <PROC 0 NAJ 533 > t the <NA&D 3 > of the procedure* 

< LABEL LX ST> : <NAME>[ ,<LABEL«LIST >1 <NIL>] 

Basically, a block consists ox two declaratives BEGIN and END, 
and it serves to define the scope of labels 0 Declarations other than 
labels have a global scope equivalent to that of a forward reference 0 
Redefinitions of names within this global scaop© are not allowed 0 Blocks 
can be nested to any depth c 

If PRGC is used instead of BEGIN, a jump instruction is 
planted by XPL to jump round the procedure* 

If the BEGIN is followed by some names of labels, ©*g 0 , BEGIN 
(L31, L32), then entries to that block can be made to these labels from 
the enclosing block 0 

Example 

BEGIN 

U: 

-> m 

-> 132 

BEGIN (L3I, L32) implying L31 and L32 are in the 

: : same level as LI and X 2 * 

* 

L32: - ---- 

END 

L2: - - - 

END 
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10 , 6.1 Declaratives 

There are two typos of declaratives both of which give the 
name a global scope, namely 

(a) variable declaration <VAR.DEC>, and 1 

(b) literal declaration <LIT ,DEC> , 


_ <DECLARATIVE> : := <VAR.DEC>I <LIT,DEC> 


<1) Variable Declarations 

The variable declarations assign a name to a displacement 
relative to a base, which can either be NB, XNB, SF, o or STK (for 
accessing the stack ) 0 

<VAR.DECI> ::= V[ 32 l 64 1 V]/[NB|XNB| SFl 0l STK]<VAR„SPEC> 
<VAR 0 SPEC> : := : <DISPLACEMENT> [ , <VAR.SPEC> i <NIL>] 

<D I S PLACE;, SEKT> 5 ; = [-S <NIL>] <INTEC® R> 1 %<HEX ,DIGXTS> 


A name declaration must start with a V, followed by the 
size of the variable „ The size is either 32- or 64-bit, or a 
V indicating that the variable will be used in privileged 
mode to access a V-store location. 


Example 

V 32 /NB FRED -.3 


FRED can be found thro© 
32-bit words away from 
NB and is of size 32-bil 


V32/STK TOP ,32 0 fcits : o 


The displacement must be 
zero with STK, 
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i 1 


U 
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LJ 


Notes 

1 « The hardv/are of the machine treats all V store as 64-hit 

quantities d This means that W quantities are equivalent to 
V64 quantities* 


2 * Th© position of variables in MU5 are governed by a base 

address contained in on© of the registers NB, XUB„ SF and a 
displacement <, It should be noted that the value of the 
Base address and the value of the displacement cannot be 
freely interchanged as may have been expected. 

Thus:- 

V64/NB FRED . 1:6 sets up a Base of o 

NB = o : : and a displacement of 6 


and 

V64/NB FRED .2:0 
NB = 6 


: : sets up a Base of 6 
: : and a displacement of o 


■will not access the same location in the store. This is 
"H because the base registers always count in units of 32 bits 

whereas the displacement counts- in units of the size of the 
variable , in this ease 64 bits. The example therefore says 
,_l that zero units of 32 bits plus 6 units of 64 bits is not 

the same as zero units of 64 bits and 6 units of 32 bits. 


V 


f 


LJ 
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(2) lateral Declarations 

A literal declaration assigns a value to a name. When the 
name appears as an operand, its value will be coded as a literal 
in the instruction. (As already shown in (3) of section III, 

XPL will optimise on the lengths of the literals ) . 

<LIT.DECL> ::= L/<LIT.SPEC> 

<LIT.SPEC> : := <NAME>=<LITSRAL>[ , <LIT.SPEC> | <NIL>] 
Examples :~ 

V 

V 

V 

[N.B. a. A number of declarations can be placed on a 

line, 9«g t> 

V32/SP VAR. 0:0, VAR.l :1, VAR. 2:2, VAR.3:3 

L/ MAX .VALUE = 100, MIN .VALUE = -100 

b. Newline or a comment would terminate the sequence, 

hence , 

V32/SF VAR. 0:0, VAR.l;!, VAR.2:2, VAR.3:3 
V32/SP VAR. 4 ; 4 , VAR.5I3 

would have to be written. ' 3 

V 

V 


MAX .VALUE = 100 
MASK = % 44420F 
NAME. STRING = ^ACCUMULATOR^ 
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10*7*1 Instructions 

Thor© are four typos of instructions 9 namely, 

\ 

( 1 ) computational <COMPUT> , 

( 2 ) storo to store <S TS > , 

( 3 ) organisational <GRG> and 

( 4 ) conditional <CGNBIT> * 

< INSTRUCTION ::= <CGMPUT> i <STS> 1 <ORG> I <CONDIT> 

Each type of instruction is dealt v/ith separately , however, 
it is moro convenient to define the syntax of an operand first* 

< OPERAND > : : = <S liVIPLE *CPERAND> i <KAME><LB> [B 1 0 ] <RB> 
where <S BIPLE *OPERAND> <NAMS> i <LITERAL> 

<LB> left square bracket 

<R3> : o = right square bracket 




( 1 ) Computations,! Ins t ruct ions 


■ f 


<CGM?UT> 
<3 *GRD> 
<X *GRD> 
<A*ORD> 


; : « [ <3 oORD> i <X o 0RD> i <AoORD> 1 < ADD d GRD> 1 <AEX 0 ORD> j <CPERAND> 
: ;= 3[=1=* J*=J=:>1+J-| ^l^lvl <=!&!-: ! COMP I C INC] 

: := LXS !X][=l*=i=s>l + i-!*!/l£!v|<=|&|-: Icossplccssv!/:] 

: : = [ AFL i A] [= S = 2 1 *= ! => 1 + i - i * ! / ! £ ! V ! <= I & I ~ : i comp lcoNVl/s j ! 
[ AU } AX 3 L + 1 - 1 * 1 I y i <= l & ! “ : 1 COMP 3 1 . 

[ADC I AD] [<=l COMP i CONV] ' • 


<AOD o 0RD> : : = AOD[= i *= i => ! COMP] 
<AEX 0 ORD> : S = AEX[= | *=[=>] 


LJ 


~>0 Ayrn, ^ 

x« A «* iA i 1 • 


YGIERE THE OPERATOR ~z is reverse subtract 
and /z is reverse divide 




( 2 ) 


Store to Store Instructions 


This group of orders uses the secondary operand unit* and 
they operate on strings „ 

<STS> <FN e l><OPERAND> | 

<FN„2><SIMPIE .OPERAND> 1 ' 

SUB1 <NAME> | 

SUB2 

<FN„i> i := D= 1 j DQ= j XD= 1 XDO= | STACK 

<FN.2> ::= D=> | XD-> 1 DB= ! XDB= I 

MODi IStODi SMOD ! XMOD ! MDR | XCHK | 

BMVE 1 BMV3 ! BCMP I BLGC | BSCN I 

SMVS i SHVB j SCMPi SLGCl SMVFI TALUl TCHKl TUNS 
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( 3 ) Orff anis at ional Ins t rue t i oris 

This group of orders defines internal rogistor oporations , 


uJ 


<0RG> 


— ! 
U 

r j 

LJ 

■ — 1 
lJ 

"H 
i I 

~J 
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<MS 0 ORD> 
<XC „0RD> 

<SF oORD> 

' <N3 oORD> * 

<XN3 W GRD> 

<I\ISSC 0 ORD> 
<DUIvLiY «0 RD> 


:= RETURN 1 

[EXIT j JIMP i XJUI.IP i S TKLINK] <0PERAND> 1 
S ETLIHK<5 lMPLE ,QPERAND> I 
<JIS «0RD> i 

<XC 0 ORD> ! 

<SF »0RD> 1 • 

<NS.ORD> i . . 

. <XNB«.GRD> i 
<IvTES C „GRD> | 

<BIMMY «ORD> . . • 

J- 115 = <GPERAND> 

: = [xco ! xci [ xc2 1 XC3 ! XC4 1 XC5 1 xc6 ] <qperand> 

:= SF[=! + |=N3+3.<OPERJSND> | • 

SF => <S IMPLE ,GPERAND> ' 

:= KB[= i =SI*’+] <GPER/iND> | ' y 

H3 => <S II'.IPLE .0PERAI'ID> 
f] <0PERMD> ! 

XN3 -> <S IMPLE .0PERAND> 

[SN = iDL =|SPM =]<0PERAKD> 

DCH213I43 

(for coding up dummy organisational orders) 




lJ 


lJ 


■ — > 
LJ 


The XJUMP order (I\IU5 only) will search the Common. Procedure- Name List: 
for the name and plant an absolute jump to it 0 

On the 19 OO XJUMP will cause LB to be abutted to the front of the operand 
The user is then to use the *N0N LOCAL NAMES ®n 8221 option to present the 
entry address for the library calls * 


LJ 


17 o4 *73/ ^ 


LJ 
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(4) Conditional Instructions 

This group of orders deals with control transfers and the 
setting of the BOOLEM, BN* 


<C0NDIT> 


<C0NX>> 

<B.FN> 


< JUMP .SPEC> 

<L0NG> 

<SH0ST> 


Si = < JUMP .SPEC> <NAME> ! 

IF <CCND> , <JUMP.SPEC> <NAtffl> | 

BN <B„FN> IF <C0ND> | 

BN <B .FN><OPERAND> 

,j:= s-.o|^o!<o|<o|>o|>o! 

OVlBN 

/! • 

= !£i 

= !=/S 

&! 8 s / 1 /&!/&/ 1 

VjV/l/Vi/V/ • 

S := [<LQNG> |<SH0RT> |<NULL>] -> 


The jump instructions (->) are relative j and XPL will compile 
the optimum code* 


As indicated by the ->• or - proceed ing the jump' either, a long 
( 32 ~bit) operand or a short (6-bit) operand is assumed. The default 
option of NULL will result in a l6-bit operand. 
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10 .S 0 i Procedure Call Facilities 


There are 6 types ox procedure calls available 

Plants a relative jump 
s: Plants an absolute jump 

S s Tho MU5 Compiler will loolc the procedure 
:: name up in the common procedure name list 
:: and plant a jump to it 
: s The 1Q00 compiler will abutt LB to the 
operand* See XJUMP 

CALL <PRQC oMA2\IE> ( <LINK> , ^PARAMETERS > ) _ * 

Y/hero <P ARAYIETERS > ‘ is any operand permitted after tho 
instruction STACK* 

Tho above v/ill be compiled into:™ • ' , • 

■ ' STKLINK <LINK> . • 

STACK PARAMETER.! 

STACK PARAMETER .2 

-3 

Q 

STACK PARAMETER ,N - ■ . 

-•> <PR0C.NAME> (MU5) -> LB<PRQC „NAME> 


CALL 

ACALL 

XCALL 
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ENTER s: Plants a relative jump 

A3NTER (or SCALE) s: Plants? an absolute jump 
NENTER zi The MU5 Compiler will lock the procedure 

: ; name up in the common procedure name list 
: : and plant a jump to it 

: : The compiler v/ill abutt LB to the operand 

However there must be at least 1 parameter 

■ ENTER <PR0C C NAME> ( PARAMETERS > ) ' 

The above will bo compiled into:- 

. ‘ STKLINK LI ' 

STACK F ARAMETER * 1 * .. . 

STACK PARAMETER *2 


. STACK PARAMETER *N . i 

% 

JUMP <PRQG,miE> <M»5> JUMB LB<PR0C .NAME> < 1Q00 ) 
LI: . . 
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10 a Q 0 1 Special Directive Statements 


*SEG 13 SNT<SP><EXECUTE <t SEG 0 NO>[ ,<GGMPILE 0 SEG.NO><NL> 1 <NL>] 


‘ IVfJ 5 ONLY 

where <E}(ECUTE 0 SEG 0 N 04 has 
and <COMP XLE «SSG 0 NO> has 


a value of -1 or 1 to 2^-1 
a value of 1 to 2^-1 
<EXECUTE o SEG # N0> specifies the segment 
in which the code is to be executed 0 
<COMPILEoSEG.NO> specifies the segment 
in which the code is to be compiled s 
if this is unspecified the compiler 
will select the next available segment 0 
If <EXECUTE 0 SEG „NQ> is equal to « 1 P 
the compiler will select the execution 
and compilation segment numbers 0 


t i 


■_J 


*SSGMSNT<SP><E 2 £CUTE 0 SEG o N 0 ><NL> 

1900 ONLY 

where <EXECUTK o SEG c H 0 > is an integer in the range 0 - 2 ^Vt 

St This specifies the segment in which the 
t: the code is to be executed 0 


*LINE<SP><LIHE a N 0 XNL> 


2: Specifies the line (in l6 bit quantities 
2 : within the segment 9 at which the next 
t : instruction is to be planted. 


' : END 


LJ 


1 j 


u 


SPRINT ON - 
-PRINT OFF 
- 2 \ T L< S P>< 2 sTLADDR> 

^ FOP KNL> 


L9OO ONLY 


: sPrints a list of -unmatched references 
a: on the currently selected output stream 
assets the CTL information and returns 0 

; ‘Control the listing of the program text 
2: and compiled code. 

2 :<NLADBR> is the address in 32 bit words 
2 2 the LIBR-ARY NAME LIST. 

% : Print out planted instructions 
s 2 (giving a hexadecimal dump of the 
2: code compiled so far P or since the 
22 last *P 0 PI)o ’ 


LJ 
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*NAME LIST<NL> 

1900 ONLY 

ft ♦ 

ft ♦ 

Prints the NAME list* 


*MAP ON<NL> 

1900 ONLY 

: ; 

Controls the printing 


♦MAP OFF<NI> 

igoo ONLY 

ft * 

% • 

of the compile map 


♦INCLUDE FILE 

’<FILE.NAME> 

n % 

* ft 

XPL will now compile from the 

1 — 1 


1900 ONLY 

ft ft 

• » 

file specified* 

- 1 





r — 1 

* RETURN 

1900 ONLY 

% * 

Causes XPL to return to the previous 

L n 



o ft 

input stream after the * INCLUDE FILE CUD * 

- . 

♦FILS CODS IN 

’ <FILE „NA1E> 

0 ft 
ft * 

Creates the files containing the code 

i 


IQOO ONLY 

ft ft 

and name list respectively providing 

i 

1 

♦FILE NAME LIST IN , <FILE»NAME> 

% ft 

the compilation is successful,, 



1900 ONLY 



~] 

1 

♦NON LOCALS ’<FIL£.NAME> 




<NAME> , <NAME> , 

<NAME> t otc,’ 



_ j 


1§00 ONLY 

ft * 

« • 

Causes the names specified to he 




ft ft 
» • 

added to the compilers namelist* 

j 

♦FILE ANYWAY 

1900 ONLY 

« 4, 

ft ft 

Causes the name list and code to be 

j 



«> ft 

ft ft 

filed even if the program is faulty,, 



*REF ON IQOO ONLY : : Causes all the unmatched references 

*REF OFF 1900 ONLY : : to be' printed at the and of each block. 
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10 0 lOol Alterna tive Punching Conventions for the VDU’s 


( 1 ) Not Equal 

(2) Equivalent 

( 3 ) Not Equivalent 

( 4 ) Greater than or Equal to 

( 5 ) Less than or Equal to 


Paper Tape VPIJ 

* /= 

m "/= 

> 

< ~< 
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